Einfluß statischer und dynamischer elektromagnetischer Felder auf die funktionelle Magnetresonanztomographie (fMRT) bei Patienten mit aktiver Tiefenhirn-Neurostimulation by Georgi, Jens-Christoph
 	
		 
 ﬁﬀﬂ
ﬃ "!

!$#&%(')*'),+- !
.0/12.
!ﬁ34"!5+"-
+"- !

%
1
"!ﬁ3687279-:'72;$<%>=
1
#?68;$<
@
%
1
<-BA,%
1
6872;$<"-:'

-B7%(A
1
=C%
/
#
1ﬁD:1
+"- !


"EF!-B;5<
1GH
%I!$#?7

'6KJL- !$726
1ﬁD>1
M
-B68+"-B#?NO- !)
J
.
!)*-B#&- )
1
J
.
'

6?EF#QP
SR
<*T"7UPWVL-B'F7
YX
<!$6?7
1ﬁ.
EF<

-
.
!)L6
%(7

!$#&%('")*-B'

%I)Z+"- !	A[4F'+F#?6?;5<"-B'
R
!54"=\')"]_^0`aPcb(dPe^(b0b*f
 	 

  ﬀﬂﬁ 
ﬃ 
"!# $%'&(ﬁ *)(+
 ,"!
-./# .0$1#&("!#!#
2 *)(+ﬃ3
4&(ﬂ56'&(ﬁ &ﬂ)ﬂ7*89# :;.<2 =?> @
A
CBD#3E3 ﬁ F *$%FG(
>H#".IJKMLON 3&(
Pﬁ !'#&(
QSRUTWVYX[Z0T]\^#_ `7^baYcbdfeJ^#dfgUVIhOikjl\-m \nikopVYjlq
`7^baYcbdfeJ^#dfeJ^#dfrsZl^tikuvT]a0wlZxrs^v\y%\^
6?' W 7
1
%
1
687;5<"- ! F'+ + T"'"%(AZ6?72;5<"- ! -:#&-
/1
!
.
A,%I)*'"-
1
6872;$<"-B!"-B#?+- ! %("= +F6&-
=\'
/1
6
.
'"-:#?#&-
@
%I)*'"-
1
!-:7
.
'"%('"ﬃ
1ﬁ.
A
.
)0!$%>EW<6?- =
@ 
	
NO-B6
R
%
1
6&-:'
1
-B' AZ6
1
%
/*
1
6KJL- !

6&- = -B'F<6?!$'
 
-B!
.
7
1
6?A[F#&%
1
6
.
'

ﬀﬁﬂﬃ! "ﬃﬂ#$&%('*)ﬃﬂ+)+,%ﬂﬃ-ﬁﬂ)./0%1ﬀ0'*2'3&%54687:9;ﬀ<2=#)+=>@?AB%ﬂ20%ﬂ
C&%*D0%E&FGﬃHIﬀJK2ﬃ-)ﬃﬂLGﬁM%Eﬀ1)<NO%E2LPRQ"9IST8)ﬃ-./=GJKU+ﬃ-%';ﬃﬂ6DOWV
Q"2X "ﬃﬂ#$&%Y#$JZ[B%Yﬁﬂﬀ./\2 ﬃ-ﬁ-%ﬂ]H^2<_C&%6\`aLB%E0%ﬂ2<ﬀ<2*2ﬁﬂﬀDJKUﬃ6ﬀbQc9IS07
?AB%ﬂ2,%ﬂdVBefﬁ'*)+ﬃﬂ12gH`aﬃEB%ﬂ)ﬃﬂ,%'*ﬀ./D,<2)=c1ef<2D0%EﬃﬂLhg)1iW)<2ﬀ%E)+=jk./lm7
2ﬁ-./n(ﬃEoBJp%ﬂjGﬀIq'*ﬀﬁﬂ./Cref<ﬀD0%Eﬃ-LsDL,%ED0%Et#+JZB<2<28ﬀ)q2ﬃ-%ESh`l,)=+j
2; ")ﬁM'*2ﬃﬂD,)+=5+JKD0%ﬂﬃf<ﬀD0%Eﬃ-2ﬁ-./ﬃunLG0%/D0%EI)+	2Ivl)+D,%ﬂ2LGw+ﬁgSh%ﬂ21)<2B%ELﬃﬂﬁ'8oh7
ﬃﬂx+ﬃy46AHz)0%Eﬃ-ﬁﬂ)./0%VWQcB#a'*)+ﬃﬂ!ﬀ>ﬃﬂ+#<ﬀ2./ﬁc{(JZo+ﬃﬂ)+=Gﬁﬂ`$L%E0%ENB<WJKUﬃIﬀ
?AB%ﬂ2,%ﬂ|l./+=G'*ﬀﬁﬂdVef2Sh2./ﬃﬂﬀ%Eﬁ-`+JK+<2)=tJZB[%(q)+ﬁECdja'*ﬀ1ﬀﬁﬂ	*2ﬁ-&7
D}Cﬀ22ﬃ-%_';ﬃﬂ~DG+dV3efﬁC'*2ﬃ-JKﬃﬂﬃr=Gq2=%jfl[X+2x4687HIﬃﬂLG=GﬃEB`2
ﬀ(=G2=G+%E!H./+2DtJKUﬃI2!2tFh&FGLH^C`$ﬃﬂB%E)ﬃ-DLG0%ﬂﬃﬂLG<ﬀ<2(2>ef./0%Eq&%"ﬀﬁ-%kV
Q"ﬃrq'3ﬀ%ﬂH^2<ﬃ yﬃﬂ#$&%t=G,%)+J!ﬀ9;2<ﬀ,)l<ﬀﬀ%/oO%	ﬃ>4xI7 ")+JKlBC}ﬀdj;ﬀﬁM7
#aﬁﬂLG+ﬃ-B)+J+zeuﬀ+l)[%E<2<ﬀ2ﬁﬂ./+ﬃr
`<20%/B%ﬂ)+Jeu?u
7:Ss,)qdVyeuﬁ'3ﬃ-
ﬃﬂFﬃ-ﬁﬂ./ﬀnyLGﬃ-ﬃﬂD0%ﬂ)ﬃE+ﬁEoB%ﬂq1ﬀ6?fl0%ﬂLGCﬁM%E)+26C&%Eﬀl+ﬃIFGﬃﬂ=G<ﬀ2./dW?flm7
ﬁﬂDOﬃ-%ﬂdjŁ4xﬃ-DOl<ﬀCLh)<2B%EﬀLG)*=Gﬀﬁ-%ﬂﬃﬂ2ﬃﬂ)+=VQc#$gﬃM'*2ﬁﬁﬂ2./X2r4x%ﬂLh
ﬃ_=`l[B%EX?flﬁﬂDOﬃ-%ﬂbB<2ﬁ!LG`+%ﬂ2C<Łq)+ﬃnLGﬃﬂﬃ-D0%E)ﬃ5FGLGXeu?u
7QcB%ﬂb)+ﬁ5JR46^H;7
y0%Eﬃﬂﬁ-)./,)=GdV$Ss2*'*)ﬃ-c2Cﬀﬃ3v<2<ﬀﬁ-%E)+2C2+ﬃ8?fﬃ-LG#l+2r=%Eﬁ-%ﬂ%I)+tq2=%ﬂ
ﬁﬂﬃ*=G)+%E5efﬃﬂ=#ﬀﬁﬂﬁ-V
"
-B;
1
7
.
=_7
1
%
1
6?;%('+,+ T"'"%(AZ6?;G-:#&-B;
1
!
.
A,%I)*'-
1
6?;(W-B#?+F7
.
'[=\'F;
1
6
.
'%I#A %I)*'-
1
6?;
!-:7
.
'"%('; - 68A,%>)L6?'")} =
@ 
  m .
= E%
1
6&-:'
1
7 36
1
< %(;
1
6&J*- +"- -BEN!%(68''"-B!
.
7
1
6?A[

#?%
1
6
.
'
HI1B2LJ^%EﬀﬁyﬁM%E)sxﬀﬁI%ELrﬀ0FGﬁM%Eﬀ=0B%E!%EL	'*ﬀ./Yh%E0%!46\2C=Gﬀ=wLJA`lB%Eﬀ0%Eﬁ*'*ﬀ%ﬂ
.%ﬂﬀF5+`#ﬃﬂ2>ﬁ-%ﬂ21)+<NB%ﬂ2LGYPRQc9IS+T*ﬀﬁI`aLGﬁ-ﬁﬂﬀ#<2BV

X%E+rlﬃﬂﬁM%w`lﬃM%1LJI%ﬂC%ﬂﬁ-2ﬁ%ﬂt`$L%E0%ENB<gﬃ-2ﬁ-Dhﬁ_JKLGﬃ5%ﬂQc98S,7`lO%E20%Eﬁ1ﬀﬁ_BCﬀdV
4xkBﬁﬂ)ﬃ-0%Eﬁ;'3ﬃ-"`$ﬃMJKLGﬃﬂ	%EL5%ﬂﬃ-Cﬀ%ﬂ*%E`$ﬃEO%E)ﬃ-yO%3%ﬂy<2.%Eﬃ-Ls+"+C%E+
.LG+.%E2+=<ﬀkWjC./lﬀ.k<aJKLGﬃﬂ.ﬁjFLG<ﬀ%E=Gcﬀ).#a%';%E!.L,%E.%ﬂﬁ*LJ^%ﬂ(<ﬀ.7
%Eﬃ-LsBj^.LGﬁ-,)+.ﬁwLBJ8JK.%<ﬀ.%ﬂﬃﬂﬀ.k<f.LG0%/.%Eﬁ_%ﬂ	JK).%ﬂ2LG@LJ3%Eﬁ-%ﬂ21)<2B%ELﬃV

%c.LG)<26#a1+LGﬁ-%ﬂﬃEB%ﬂY%ﬂlB%y78`$+2=rLG6%E+w.%ﬂ)l<^s`aﬃﬂﬀC,%E<ﬁﬂ%ﬂ)`678%ﬂﬃ-
2ﬁ	`aL%ﬂ0%E2<ﬃﬂﬀﬁﬂDrJKLﬃ*%ﬂ5`lB%Eﬀ0%EﬁV*S+BJK%>ﬃﬂ.LGClB%ﬂ2LG+ﬁ8%ELCﬀ22ﬁ-"%E!lBqkﬃ-ﬁ
ﬃﬂ5=G&FGWV*4687HIﬃﬂLGC%EﬃM2ﬁ*ﬁﬂ+Lm'*x%EL#a_YB``ﬃﬂL`ﬃﬂ2B%E(%ﬂLs>JKLGﬃ*2>FhﬀFLC%E	7
`aﬃEB%ﬂ)ﬃﬂ!LG&%ELGﬃ-2=_2>ﬃﬂ<ﬀ%ﬂ2V
HI*ﬁﬂ.LGC`lﬃM%3LBJa%ﬂI%Eﬁﬂ2ﬁg+ﬃﬂﬁ-ﬁﬂﬁg%ﬂ*2ﬁﬂﬁ-)LJ4x2C=G8,)lB<2ﬀ%j02	`lﬃM%Eﬀ.)<2ﬃA%E+
2+).1LJu%E<2<ﬀ2.(2`<20%EﬁLGeu?f
7ﬁﬂ,).ﬁV_HIﬃ-w&Wﬃﬂ,%".LGﬃ-ﬃﬂ.%EﬀLGY%ﬂLs+ﬁ
ﬃﬂ5.LC`lBﬃﬂx2x`l0%ELﬁM%E)+2ﬁI`lﬁ-C`ﬁja1)+<ﬀ%E7./lB<7Ls+)<NB%ﬂ2LGC6ﬃﬂ=2ﬁM7
%EﬃﬂB%EﬀLGdVAHI+"%E+LsCLJlB`+%Er`lBﬁﬂcC`ﬁg`ﬃﬂLFr%ﬂL#$y%E+"#$ﬁ-%;.LGﬃ-ﬃﬂ.%EﬀLGr%ﬂLh
JKLGﬃ1eu?f
7B%/+jf'*ﬀ./b2ﬁ1)+ﬁﬂbJKLGﬃ5JR46*
5+CﬀlB%ﬂ2LGﬁVYHI%ﬂLs';ﬁ1%ﬂﬁ-%ﬂ2
.kﬁ-!ﬁ-%E)++'*ﬀ%ﬂx1FLG<2)0%ﬂﬃ)ﬁﬂ+Lm'3FGﬃ->=GLhLs>.LGﬃﬂﬃ-.%ﬂ2LG>ﬃ-ﬁﬂ)+<ﬀ%EﬁV
 
	 
 	


 ﬁﬀﬃﬂ "!ﬀ$#&% ﬂ(' )
& *+,% ﬂ(-("./'/!ﬂ 0
1
H
- !$'F7EF6?'!-B7
.
'%I'ﬃ 2
3
V
3
Q"ﬃn(ﬃ-ﬁﬂ`ﬀ V!V_V5V_V5V5V_V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V 4
3
V65  "ﬃ-=G)+= V_V5V!V_V5V_V5V5V_V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V
387
3
V:9 vﬃ-ﬀ(<NO+B%ﬂ2LG6V_V5V_V5V5V_V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V
3
4
^
H
- !$'F7EF6?'
1ﬁ.
A
.
)0!$%>EW<6?- ^<;
5sV
3
Qcﬁy4687MSsﬀ=Gl< V_V5V_V5V5V_V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V=5>9
5sV65 ?(ﬃM%Eﬁ-DLh2ﬃﬂ)= V!V_V5V_V5V5V_V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V=5
7
5sV65hV
3
Ss./+2./0%/)+ﬁ-';< V5V_V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V=5A@
5sV65hV65 ?flﬁ-DBLs+2ﬃ-)= V_V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V=5>B
5sV65hV:9 vlﬃﬂ,)qDLh2ﬃﬂ)+= V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V=5>B
5sV65hV
7
9;ﬀ<2ﬃ-DBLGﬁ-%ﬂﬃﬂ)D0%ﬂ2LG V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V=5AC
5sV65hV6@ ef./LC?f<NlBﬃ*9;2<ﬀ=G#+)= V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5VD9
3
5sV:9 9;2<ﬀ=G#+)=Gﬁ-ﬁﬂ,)q V5V_V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5VD9A9
5sV:9sV
3
Ss`+2./LtSh,)+q|V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5VD9A9
5sV:9sV65 Q"ﬀFE8ﬃﬂﬃ:7:?f)ﬃ-.<ﬀ<&7:4xﬀ#aLhLGw7M{(2<2<Ss,)q V_V5V!V_V5V_V5V5V_V5V_V5VD9GC
5sV:9sV:9 vﬁM%IHL'  "=G<ﬀ5SsL% V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5VD9AJ
5sV:9sV
7
{(ﬃE+20%ﬂ./Lreu?f
 V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V
7K3
5sV
7
9;2<ﬀlﬃ-%ﬂJZD0%ﬂc)xnyLGﬃ-ﬃﬂD,%ﬂ)ﬃ-FﬃMJZﬃﬂ V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V
7
5
5sV
7
V
3
ﬃﬂﬁEB./5FLG "ﬃ-%ﬂJZD0%ﬂ V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V
7
5
5sV
7
V65 nLGﬃﬂﬃ-D0%E)ﬃIFLGx yﬃ-%ﬂJZD0%E V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V
7
C
5sV6@ v)+D0%E2L<ﬀ<2(4x=G%EﬃﬂﬁﬂLGq%ﬂLGLG=GﬃEB`2!V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V=@
3
5sV:B 4xﬁ-ﬁﬂ)=Cﬃ*H`aﬃEB%ﬂ)ﬃIﬀ%Iﬃy46=G%Eﬃ-ﬁﬂLlq%ELGLG=Gﬃﬂ`ﬀ\V_V5V_V5V=@
7
;

-B!
.
7
1
6?A[F#&%
1
6
.
' fML

2  	
  

&   ﬂ #&! +ﬀ %ﬁﬀﬂ %(ﬂ('/!ﬂﬃ % +! ﬀﬁﬀﬂ ! +ﬀﬂ(!ﬀ # "$/ﬂ&%('*)+ ﬂ #K! +,&%ﬁﬀﬂ % ﬂ('/!ﬂ
- !ﬀ/.. #&ﬀ"!ﬂ #&!ﬂ10 ﬀ #32 !%I+ﬀ$ #Kﬀ0=%(". #4$ +,!ﬂ 05
d
@
-B;$<%I'F6?72;$<-
H
!
D
=
1
- 60^
f

E%(''aF'")0-B' 6Id
@sV
3
ef2+JKU+ﬃﬂ)= V5V5V_V5V_V5V5V_V!V5V_V5V_V5V5V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_V B
7
@sV65 46B%ﬂﬃﬂ2<d)+Y4x%ELh V5V_V!V5V_V5V_V5V5V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_V B C
@sV:9 efﬃﬂ=G#2ﬁ-ﬁﬂV_V5V5V_V5V_V5V5V_V!V5V_V5V_V5V5V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_VDCA9
@sV 9+V
3
{(ﬃEB2,%ﬂﬁ-./l<&%E)= V5V_V5V_V5V5V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_VDCA9
@sV 9+V65 7yv7 yﬃﬂ=G)=ﬁﬂ`)<ﬀﬁﬂV!V5V_V5V_V5V5V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_VDC
7
@sV 9+V:9 ef<ﬀD0%Eﬃ-LGCLB%ELGﬃ8+ﬃ?AB%ﬂ2,%ﬂ<ﬀ2=G V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_VDCGC
@sV 9+V
7
vl)+D,%ﬂ2LG>ﬁyHﬁM%EﬁM%E2)<NB%ﬂLGﬃﬂﬁ V5V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_VDCA4
@sV 9+V6@ n!#$<ﬀJKD0%E!))ﬁﬂ)#$ﬃﬂ98uﬃ-#2+)=GzV5V5V_V5V_V5V5V5V5V5V_VDCA4
@sV
7
Q"2ﬁ-D,)ﬁﬂﬁ-2LG V_V5V5V_V5V_V5V5V_V!V5V_V5V_V5V5V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_VDCAJ
6

-BA,EO- !$%
1
! 2<;
B+V
3
ef2+JKU+ﬃﬂ)= V5V5V_V5V_V5V5V_V!V5V_V5V_V5V5V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_V 4G9
B+V65 46B%ﬂﬃﬂ2<d)+Y4x%ELh V5V_V!V5V_V5V_V5V5V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_V 4
7
B+V:9 efﬃﬂ=G#2ﬁ-ﬁﬂV_V5V5V_V5V_V5V5V_V!V5V_V5V_V5V5V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_V 4 @
B+V
7
Q"2ﬁ-D,)ﬁﬂﬁ-2LG V_V5V5V_V5V_V5V5V_V!V5V_V5V_V5V5V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_V JG9
L

-BA,EO- !$%
1
!NF68#?+")*- NFF'") `:6
CsV
3
ef2+JKU+ﬃﬂ)= V5V5V_V5V_V5V5V_V!V5V_V5V_V5V5V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_V JGB
CsV65 46B%ﬂﬃﬂ2<d)+Y4x%ELh V5V_V!V5V_V5V_V5V5V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_V J C
CsV:9 efﬃﬂ=G#2ﬁ-ﬁﬂV_V5V5V_V5V_V5V5V_V!V5V_V5V_V5V5V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_V JG4
CsV
7
Q"2ﬁ-D,)ﬁﬂﬁ-2LG V_V5V5V_V5V_V5V5V_V!V5V_V5V_V5V5V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_V
3<;K3
2 =_7%(AZA,-B'"= %(727F'")
1
b*^
?> @ ﬀ""-A %(./"ﬀ$#4B # CD5E
`
Fa1
- !$'-
M

S
6?'
/0.
EFEF#?F'")
1
b L
1
b
H.
!!-
/1
"!ﬂJ
.
'

F7ﬃ - E
1
6&NW6?#86
1ﬁD>1
7%I!
1
- = %
/1
-:'
1	1
b
3G;
V
3
ef2+JKU+ﬃﬂ)= V5V5V_V5V_V5V5V_V!V5V_V5V_V5V5V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_V
3A3G;
3G;
V:5}46B%ﬂﬃﬂ2<d)+Y4x%ELh V5V_V!V5V_V5V_V5V5V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_V
3A3G3
3G;
V:5sV
3
?flBﬁﬂ+DBBﬃ-%E V5V5V_V!V5V_V5V_V5V5V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_V
3A3
5
3G;
V:5sV:5 4ﬃ-DBBl<2Lh)<NO%E2L V_V5V_V5V5V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_V
3A3
J
3G;
V:5sV 9 *=2ﬁ-%ﬂﬃﬂﬀﬃﬂ)+= V5V5V_V!V5V_V5V_V5V5V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_V
3
5
7
3G;
V 9}efﬃﬂ=G#2ﬁ-ﬁﬂV_V5V5V_V5V_V5V5V_V!V5V_V5V_V5V5V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_V
3
5GC
3G;
V 9+V
3
?flBﬁﬂ+DBBﬃ-%E V5V5V_V!V5V_V5V_V5V5V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_V
3
5GC
  D
   
 ﬀ2
3G;
V 9+V65 4xﬃﬂDO<2Ls+)<NB%ﬂ2LG V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V
3
9G@
3G;
V 9+V:9 *=Gﬀﬁ-%ﬂﬃﬂ2ﬃﬂ)+= V5V5V_V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V
3
9AJ
3G;
V
7
Q"2ﬁ-Dh)+ﬁﬂﬁﬂﬀLG V_V5V!V_V5V_V5V5V_V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V
3 7
9
3G;
V
7
V
3
?flﬁ-DOﬃM%E V5V5V_V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V
3 7
9
3G;
V
7
V65 4xﬃﬂDO<2Ls+)<NB%ﬂ2LG V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V
3 7
@
3G;
V
7
V:9 *=Gﬀﬁ-%ﬂﬃﬂ2ﬃﬂ)+= V5V5V_V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V
3 7
B
3G;
V
7
V
7
iW)ﬁﬂC+JZﬁﬂﬁ-)=CV_V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V
3 7
4
1<1
"%I#8#?7
1
+F6&-
1
f(b
3G3
V
3
euﬀ<2ﬀ%ﬂ)= V_V5V!V_V5V_V5V5V_V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V
3
@
;
3G3
V:5~46B%Eﬃﬂ2<W)+Y4x%ELh V5V_V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V
3
@
;
3G3
V 9~euﬃ-=G#+2ﬁ-ﬁﬂV_V5V!V_V5V_V5V5V_V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V
3
@A5
3G3
V
7
Q"2ﬁ-Dh)+ﬁﬂﬁﬂﬀLG V_V5V!V_V5V_V5V5V_V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V
3
@A@
> F% . 0 0 !ﬂ .4 %(ﬂ '%(ﬂ -% - "ﬀﬁ C 05
 
%I7	FNO- !
.
E
1
6?72;5<"-

<- !$A
.
A,-
1
- !


Fa1
!
.
' LI`0b
1
6Id
 
T"'
1
%
F
ﬃ 
R 9
687
1UX.
!!
1
6:6

6
1
- !%
1
"!ﬁJL- !ﬃ -B68;$<'F6?7
1
6<2

%('
/
7%I)*F'")
1
LIf
  



3
V
3
Ss./r	ﬁ"Sh%ﬂﬃﬂh7M{(ﬃﬂ<2./s7eŁs`$ﬃ-20%EﬁV_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_V J
3
V65 Ss`ﬀ`ﬃEoBqﬁ-ﬁﬂﬀLGxﬀ s%ﬂﬃ-Y46=G%ﬂJK<2V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_V
3
@
3
V:9 98+Dh)+ﬃ-FG_ﬁ*C=G%Eﬀﬁﬂ./6Q"ﬀ`aL<2LGC0%Eﬁ3';oﬃ-xﬁ 7yv7:?f)<ﬀﬁﬂﬁ6V_V
3
C
3
V
7
H^ﬃﬂﬁMFGﬃ-ﬁE<ﬀ_)+x<ﬀLG=G&%E)+2l<ﬀ"*<2O+B%EﬀLG V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_V
3
J
3
V6@ Q"ﬃvA
:Q]l./xﬀ J
; ◦ 7?u)+<2ﬁ V_V5V_V5V5V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_VD5G5
5sV
3
LlB%ﬂ)x9;2<ﬀ V_V5V5V_V!V5V_V5V_V5V5V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_VD5A4
5sV65 Q"ﬃ*DG7:) )ﬁﬂﬀ! ")ﬁ-<2ﬁﬂV_V5V_V5V5V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_VD5AJ
5sV:9 Q"25eu?f
7:QcO%E)+JKl+C V_V!V5V_V5V_V5V5V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_V 9 5
5sV
7
iW&%E<2ﬀ./ﬃ; "#<2)+J^2+ﬃSs`ﬀ./+LtSs,)q V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_V 9
7
5sV6@ iW&%E0%'*ﬀ./Dh<ﬀ)=ﬃ4x=G%E2ﬁ-2ﬃﬂ)=	#$S+e}Ss,)qbV_V5V_V5V5V5V5V5V_V 9 @
5sV:B ef2+l)+[+ﬃ9;2<ﬀ#$=G)+=Gﬁﬂ`lBﬃE%ﬂﬃI)sJŁ69;ﬀ<2DBLG0%Eﬃﬂﬁ-%V5V_V5V5V5V5V5V_V 9 C
5sV6C iW&%E<2ﬀ./ﬃ; "#<2)+J^2+ﬃIE8?g4Y{Ssh)+q V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_V 9G4
5sV:4 iW&%E<2ﬀ./ﬃ; "#<2)+J^2+ﬃ*v H (S47]Ss,)q|V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_V 9GJ
5sV:J iW&%E0%'*ﬀ./Dh<ﬀ)=ﬃ4x=G%E2ﬁ-2ﬃﬂ)=	#${!yeSs,)q V_V5V5V5V5V5V_V
7 ;
5sV
3<;
9;2<ﬀlﬃM%EJZBD,%8)ﬃﬂ./xh%Eﬃﬂﬁj<ﬀD0%Eﬃ-LGC=G%E2ﬁ-./ﬁ	./ﬁ-<&JK<2 V5V5V5V5V_V
7
9
5sV
3A3
Hgh`ﬀﬁﬂ./9;2<ﬀlﬃM%EJZBD,%ﬂc#$ﬀﬃ{!eŁ7eu?u
8Ss,)q V5V_V5V_V5V5V5V5V5V_V
7
@
5sV
3
5  "#<2)+J^ﬃnLGﬃﬂﬃ-D0%E)ﬃ*ﬀ%4ﬃ-DBBl<2Lh)<NO%E2LV_V5V5V_V5V_V5V5V5V5V5V_VD@
;
5sV
3
9~iW&%E<2ﬀ./(nLGﬃﬂﬃ-<NO%E2Ltq'*ﬀﬁﬂ./?Aﬃﬂﬀ=Gr_)6Ss2=G<ﬀFﬃﬂ<2)+JV5V5V5V5V5V_VD@A9
5sV
387
 "D0%E&Fh2ﬃ-)=Gﬁ-DOﬃ-%ﬂ5ﬀﬃﬂFGﬃ-ﬁﬂ./ﬀSs./2./0%-JKUﬃﬂ)+=G V_V5V5V5V5V5V_VD@A9
9+V
3
 ")ﬁ-<2Gﬁ-ﬀﬁ* "D0%ﬂ2LGﬁ-`aLB%E0%ﬂN<ﬀﬁ3V5V_V5V5V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_VD@A4
9+V65 Ss./r	ﬀﬃIﬀC`<20%Eﬀﬃ-%ﬂ
)ﬃ-LGﬁ-%ﬂ21)<2B%EﬀLGﬁ-<2D0%EﬃﬂLh\V5V_V5V5V5V5V5V_VD@AJ
@sV
3
Q"2 E8?A7:nLG`+JKﬁ-`)<2>V5V_V5V5V_V!V5V_V5V_V5V5V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_V BGJ
@sV65 Sh%Eﬀ1)<2B%EﬀLGﬁﬂﬁMhﬁ-%E V_V5V5V_V!V5V_V5V_V5V5V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_VDC
;
@sV:9 8uﬃ-ﬁﬂ)./ﬁﬂ)+JK#lB)6JKUﬃSs`lB,)=Gﬁ:78)+xH`aﬃEB%ﬂ)ﬃﬂﬁ-ﬁﬂ)+= V_V5V5V5V5V5V_VDCG5
@sV
7
8gﬃﬂ2B%EﬀLGtﬃn5B#a<2`$LGﬁﬂ&%E2Lt2ﬃ8+q7:ef#$ V!V5V_V5V5V_V5V_V5V5V5V5V5V_VDCA9
@sV6@ Q")ﬃ-./{(ﬃEﬀ0%Eﬁﬂ./<ﬀ%ﬂ)=2)+q2ﬃ-%ﬂ5Ss`l,)+=YV_V5V5V_V5V_V5V5V5V5V5V_VDC
7
@sV:B Ss`l+h)+=GﬁEB#+JZ<2<;q'*2ﬁ-./ ef<2D0%EﬃﬂLh #$*{!eŁ7eu?u
Ssh)+qx
3
j:@BH;7M{(ﬃﬂoB%ln!#$<W0%E<2=	q7 I./ﬁﬂ V5V5V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_VDCG@
&F
     
    
 F
@sV6C Ss`l,)+=GﬁE#sJZ<2<IU#$ﬃﬀ6ef<2D0%EﬃﬂLh>#$"S+e Ss,)q
3
j6@OH;7M{(ﬃEoO%
n5B#a<d0%E<2= 7"v7MSs`)+<2 V_V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V=C>B
@sV:4 Ss`l,)+=GﬁE#sJZ<2<dU+#aﬃI2!ef<2D0%EﬃﬂLh(#$D0%ﬂﬀFGef<2D0%EﬃﬂLCL%ﬂLGﬃ8ﬃ*?AO7
%E20%E+<22=G V5V!V_V5V_V5V5V_V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V=C>4
B+V
3
8gﬃﬂ2B%EﬀLGtﬃ*n5B#a<ﬀJKUﬃ-)=	2>ﬃ8s07eu#$+V5V5V_V5V!V_V5V_V5V5V_V5V_V5VD4AB
B+V65 H^C`$ﬃﬂB%E)ﬃMFGﬃﬂ<NB)+JŁB+ﬃef<2D0%ﬂﬃﬂLhj$Shh`LG0jn5B#a<0%E<2=	q7 I./ﬁﬂ 4GC
B+V:9 H^C`$ﬃﬂB%E)ﬃMFGﬃﬂ<NB)+J^6ef<ﬀD0%Eﬃ-Ls()+6n!#$<d Shh`LG0jn5B#a<d0%-7
<N= 7yv7MSh`)<2xV!V_V5V_V5V5V_V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5VD4A4
B+V
7
H^C`$ﬃﬂB%E)ﬃMFGﬃﬂ<NB)+Jﬃwef<2D,%ﬂﬃﬂLhjHﬃﬂ2L+j E8?A7:nLG`+JKﬁ-`)<2BjŁn!#$<g0%-7
<N=wq7 I./ﬁ-XV5V!V_V5V_V5V5V_V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5VDJ
;
B+V6@ H^C`$ﬃﬂB%E)ﬃMFGﬃﬂ<NB)+J_ ﬃ>ef<2D0%EﬃﬂLhBj8H^ﬃ-2Lj 4Gn!l<7:nLG`+JKﬁﬂ`+)<2Bj;n!#$<
0%E<2=	q7 I./ﬁﬂ V_V5V_V5V5V_V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5VDJ
3
B+V:B H^C`$ﬃﬂB%E)ﬃMFGﬃﬂ<NB)+Jﬃwef<2D,%ﬂﬃﬂLhjHﬃﬂ2L+j E8?A7:nLG`+JKﬁ-`)<2BjŁn!#$<g0%-7
<N= 7yv7MSh`)<2xV!V_V5V_V5V5V_V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5VDJG5
B+V6C H^C`$ﬃﬂB%E)ﬃMFGﬃﬂ<NB)+J_ ﬃ>ef<2D0%EﬃﬂLhBj8H^ﬃ-2Lj 4Gn!l<7:nLG`+JKﬁﬂ`+)<2Bj;n!#$<
0%E<2= 7"v7:Ss`)<ﬀ V5V_V5V5V_V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5VDJA9
B+V:4 iW)ﬁElB=wq'*ﬀﬁﬂ./6H`aﬃEB%ﬂ)ﬃﬂﬁM%Eﬀ=Gﬃ-)=)6Sh%Eﬃﬂ<ﬀ)=Gﬁ-<2ﬀﬁ-%ﬂ)= J
7
CsV
3
8uﬃﬂﬁ-)./ﬁﬂ)+JK#l)JKUﬃ*2(H`$ﬃEO%E)ﬃ-#2<ﬀ=G#+)= V5V_V5V!V_V5V_V5V5V_V5V_V5VDJGC
CsV65 ?uﬁﬂﬃﬂJKﬃﬂq#+2<2>JKUﬃIH`aﬃEB%ﬂ)ﬃﬂ#+2<2+=G#)+= V5V_V5V!V_V5V_V5V5V_V5V_V5VDJAJ
CsV:9 v$Bﬃﬂ#DBLsﬀﬃM%EcH`aﬃEB%ﬂ)ﬃﬂ+ﬀaﬃﬂqDOﬃM%E V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5VDJAJ
CsV
7
iWﬀ%ﬂ0%'*2./D,<ﬀ)=	ﬃ*ﬃﬂﬁ-%ﬂ 9
;
ﬁI "#+DhU+<2)+= V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V
3G;?;
J+V
3
9;ﬀﬁﬂ`ﬀ<2yJKUﬃI "ﬃM%EJZBD,%ﬂ_+)ﬃﬂ./h%Eﬃﬂ 7"v7MSh%ﬂﬃE<ﬀ)= V!V_V5V_V5V5V_V5V_V5V
3G;
C
J+V65 vL)ﬃﬂﬀﬃ-%ﬂﬃE+ﬁ-JKLGﬃ-rB%ﬂ2LGCﬃS,%EGﬃ-ﬁﬂ2=l<2V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V
3G;
4
3G;
V
3
S 
"87 8uﬃﬂl<&%Eﬃ9;%EﬃEB=Gﬁﬂ#ﬀ<2ﬃIﬃy4x)+<ﬀ%Eﬀ./LO7:v H (S47\Ss,)qYV5V_V5V
3G387
3G;
V:5}?uﬁﬂ,FBﬃ-NB%ﬂ2LG2+?flﬁﬂ&Wﬃﬂ+q#ﬀ<2ﬃﬂbﬃ	4x)<&%E2./LB7v H (S,7
Ss,)q V5V_V5V!V_V5V_V5V5V_V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V
3G3
@
3G;
V 9 {5
gJKUﬃ*ﬀ5iW)LGﬃ-,)=	FGLG#aﬁ-%ﬂ2%Exef./Lq&%E&Wﬃﬂq6q)ﬀq<&7
x9;2<ﬀ#$ﬃﬂ2./ V5V_V5V5V_V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V
3G3
C
3G;
V
7
{5
3q)ﬃ?AﬃﬂC%Eﬃﬂﬀ=0#$cJKUﬃIﬀ!nyLGﬃ-ﬃﬂD,%ﬂ)ﬃ*C&%ﬂ%ﬂ<2ﬁ8?uﬁﬂDOﬃ-%ﬂV_V5V
3G3
4
3G;
V:@ ")+JKlBC(+ﬃnyLGﬃ-ﬃﬂD,%ﬂ)ﬃﬂB%EJKUﬃ*ﬀ54x+ﬃﬂDOl<ﬀCLh)<2B%EﬀLG V5V_V5V_V5V
3
5
;
3G;
V B Ss./CB%ﬂ2ﬁﬂ./+"QcBﬃﬂﬁ-%ﬂ<ﬀ<2)=5ﬃ;nLGﬃﬂﬃ-D0%E)ﬃ-lB%ﬂrJKUﬃgﬀ"4ﬃ-DBBl<2Lh)s7
<NB%ﬂ2LGV_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V
3
5
3
3G;
V:C~{5
gq)ﬃ?Aﬃﬂ%Eﬃﬂ2=0B#a"JKU+ﬃI2(nLGﬃﬂﬃ-D0%E)+ﬃﬀ%-%E<2ﬁI4ﬃ-DBBl<2Lh)s7
<NB%ﬂ2LGV_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V
3
5>9
3G;
V 4~QcﬃﬂﬁM%E<2<2)+=1FGLG 7yﬁ-./&%ﬂ%kj$ef2+ﬁﬂ./<ﬀ)[C)+6efﬀﬁﬂ./<ﬀ2[G)=Gﬁ-#l) V_V5V
3
5A@
3G;
V J~eg?f
7nyLGﬃ-ﬃﬂD0%ﬂ)ﬃ*C&%ﬂ%E<2ﬁI?flBﬁﬂ+DBBﬃ-%EY
3
j:@BH;7HLGLG=GﬃEB` 932ﬁ-`2<
3
V5V
3
5>J
3G;
V
3G;
eg?f
7nyLGﬃ-ﬃﬂD0%ﬂ)ﬃ*C&%ﬂ%E<2ﬁI?flBﬁﬂ+DBBﬃ-%EY
3
j:@BH;7HLGLG=GﬃEB` 932ﬁ-`2< 5V5V
3
9
3
3G;
V
3G3
eg?f
7nyLGﬃ-ﬃﬂD0%ﬂ)ﬃ*C&%ﬂ%E<2ﬁI?flBﬁﬂ+DBBﬃ-%EY 9H;7HLGLG=Gﬃﬂ` +9;ﬀﬁﬂ`ﬀ<
3
V_V5V
3
9A9
Fh          
  

3G;
V
3
5Geu?u
7nyLGﬃ-ﬃﬂD,%ﬂ)ﬃC&%ﬂ%E<2ﬁ;?uﬁﬂDOﬃ-%ﬂYB 9H;7HLGLG=Gﬃﬂ` +9;ﬀﬁﬂ`ﬀ< 51V5V_V
3
9
7
3G;
V
3
90eu?u
7nyLGﬃ-ﬃﬂD,%ﬂ)ﬃC&%ﬂ%E<2ﬁ84xﬃ-DOl<ﬀCLh)<2B%EﬀLGt
3
j6@OH;7HLGCL=GﬃE`+ V_V
3
9GB
3G;
V
3 7
eu?u
7nyLGﬃ-ﬃﬂD,%ﬂ)ﬃC&%ﬂ%E<2ﬁ84xﬃ-DOl<ﬀCLh)<2B%EﬀLGt 9H;7HLGLG=GﬃEB`V5V_V
3
9G4
3G;
V
3
@GnyLGﬃ-ﬃﬂD,%ﬂ)ﬃ*)ﬃ-./Y*=Gﬀﬁ-%Eﬃ-2ﬃﬂ)=V_V5V_V5V5V_V5V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_V
387 ;
3G;
V
3
B0ef2ﬁ-./<2ﬀ[G)+=Gﬁﬂ#loB)C(q)ﬃnyLGﬃ-ﬃﬂD,%ﬂ)ﬃ*)ﬃ-./Y*=Gﬀﬁ-%Eﬃ-2ﬃﬂ)= V_V5V5V5V5V5V_V
387,3
3G;
V
3
CGefﬃﬂ=G#2ﬁ*ﬃnyLGﬃ-ﬃﬂD0%ﬂ)ﬃ*C&%ﬂ%E<2ﬁI*=2ﬁ-%ﬂﬃﬂﬀﬃﬂ)+=V!V5V_V5V5V_V5V_V5V5V5V5V5V_V
387
5
3G3
V
3
 "D0%E&Fh2ﬃ-)=Gﬁ-DOﬃ-%ﬂx)ﬁ*)DBLGﬃﬂﬃ-2=Gﬀﬃ-%ﬂ>)DLﬃﬂﬃﬂﬀ=G2ﬃ-%ﬂ>eu?f
7:QcB%ﬂ V5V_V
3
@A9
3G3
V:538uﬃ-=GﬃﬂG[ﬃ-%ﬂ5QcﬃﬂﬁM%E<2<2)+=wﬃ* yD,%ﬂﬀFh2ﬃﬂ)+=G V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_V
3
@
7
3G3
V 9~Sh%/O%E2ﬁM%Eﬀﬁﬂ./! ")+ﬁ-'3ﬃ-%ﬂ)=Cﬃ* "D0%ﬂﬀFh2ﬃﬂ)= V_V!V5V_V5V5V_V5V_V5V5V5V5V5V_V
3
@AB
 V
3
QcﬁIl#$ﬃ-LG`+%Eﬀﬁﬂ./5HIﬃﬂLGC%Eﬃ H)hs%ﬂﬃﬂLG CAJ
;
V!V5V_V5V5V_V5V_V5V5V5V5V5V_V
3
B
7
 

  

3
V
3
46=G%Eﬀﬁﬂ./5ef2=Gﬁﬂ./BJp%E6ﬀ2=ﬃ8 8%ﬂLGCDBﬃ- V5V_V5V!V_V5V_V5V5V_V5V_V5V
3<;
3
V65 <NO+B%ﬂ2LGﬁ-qﬀ%EtFGﬃﬂﬁﬂ./+2+ﬃ({('3#$kﬃM%EV5V5V_V5V!V_V5V_V5V5V_V5V_V5V=5
;
5sV
3
9;2<ﬀ=G#+)=Gﬁ-`lﬃEBC%Eﬃ;)x9;2<ﬀDLG0%ﬂﬃEﬁM% V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5VD9GC
@sV
3
H^./2ﬁ-./_QcB%E6ﬃIFGﬃM';%E46I7H^LCLG=ﬃE`+V_V5V_V5V5V_V5V_V5VDBGC
@sV65 9;2<ﬀ=G#+)=Gﬁ-`lﬃEBC%Eﬃ;ﬃIFGﬃ-'3+%E@Ss,)qV5V!V_V5V_V5V5V_V5V_V5VDBA4
@sV:9 Ss c87g)6Sh%Eﬃﬂ<ﬀ)=Gﬁ-<2ﬀﬁ-%ﬂ)=GﬁM';ﬃ-%E(JKUﬃI+2(ﬀq<2YSh,)+q V5V_V5V=C
;
@sV
7
euﬃ-=G#+2ﬁ-ﬁﬂ!ﬃySs`,)=Gﬁ-Cﬁﬂﬁ-)=G V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V=CAC
B+V
3
H^C`$ﬃﬂB%E)ﬃﬂﬁM%E2=}eu<ﬀD0%Eﬃ-Ls+X)\iW)<2ﬀ%E)+=JKU+ﬃxFh2ﬃ6 ")sJK#l)+%ﬂdj
ShhC`+LG0 V_V5V!V_V5V_V5V5V_V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5VD4A4
B+V65 46Os2C<2ﬃCH`$ﬃEO%E)ﬃﬂﬁ-%ﬂ2= B~ﬃ>ef<2D0%EﬃﬂLhYJKUﬃtFhﬀﬃ ")sJK#l)+%ﬂdj
H^ﬃ-2Lwﬀ%IE8?A7:nLG`+JKﬁ-`)<2 V5V_V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5VDJ
;
B+V:9 H^C`$ﬃﬂB%E)ﬃﬂﬁM%E2=*(ﬃeu<ﬀD0%Eﬃ-Ls+ŁJKUﬃﬃﬂG ")sJK#l)+%ﬂdjkHﬃﬂﬀLIC&%4Gn!<&7
nyLG`+JKﬁ-`)<ﬀ V_V5V!V_V5V_V5V5V_V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5VDJG5
3G;
V
3
9;2<ﬀ=G#+)=Gﬁ-`lﬃEBC%Eﬃ;ﬃIJKUﬃIﬀ!nyLGﬃ-ﬃﬂD,%ﬂ)ﬃﬂxFﬃ-'3+%ﬂ@Ssh)+q
3G3
5
3G;
V:5}9;2<ﬀ=G#+)=Gﬁ-`lﬃEBC%Eﬃ^ﬃ 9O7ef./LB7:v H cS,7 Ssh)+qq)ﬃ3{('*ﬀ,)=!ﬃ
?uﬁﬂDOﬃ-%ﬂ V!V_V5V_V5V5V_V5V_V5V!V_V5V5V_V5V_V5V5V_V5V!V_V5V_V5V5V_V5V_V5V
3G3
B
Fh2
   
 
 	 
5

6Qy)+%ﬂﬁﬂ./<2<2ﬀ>ﬃ-) @	4x2<ﬀ<22L>4ﬁ-./B./+ﬃﬂLGﬀﬁﬂ./Ss./ﬃ-qV$Ss./ﬃ-q
2ﬁM%3+lﬀﬃM%;B<2ﬁuﬀC)=Gﬁ8Ss2+ﬁ:7A)+{(JKU+<2ﬁﬂﬃﬂ<ﬀ#ﬀﬁj0lBﬁ3ﬀ%gD0%ﬂ)<ﬀ<2ﬃfLhﬃ
`aLB%E0%ﬂ2<ﬀ<2ﬃ*{!';#aﬁﬂ./loB2=G)+=rFGﬃﬂD,,U`+Jp%"2ﬁ-%*Lhﬃﬀ%93=Gﬃ-ﬀa>ﬀﬃ*ﬁﬂL<2./ﬃcSs./o&7
=G)=#aﬁﬂ./ﬃ-2#$'*ﬀﬃﬂ  vA<2B%Eﬃ JG4Vh "D,)+%ﬂﬃSs./ﬃ-qclB%jsﬀ {!=GﬁﬂB%Eq"q)t./ﬃ-LGﬀﬁﬂ./
Ss./ﬃ-qjA2'*2./0%Eﬀ=GSh./h)s%Eq7() XﬃﬂsJK)D0%EﬀLGdVA46ﬁ-`ﬃﬂﬀ./,%FGLGb./ﬃ-LG&lqﬀﬃ-%ﬂ
Ls+ﬃ./ﬃﬂLG+2ﬁﬂ./+ Ss./ﬃ-qjm';1ﬃŁSs./+Cﬃﬂq;U+#aﬃ^2wiW&%Eﬃﬂ) FLG\Cﬃ^<2ﬁﬁﬂ./ﬁ
4xLGlO%Eﬀ,'3=+jhﬁM%/o+2=!LhﬃfﬀCﬃA'*ﬀﬃﬂDBﬃ-B)+Jp%Eﬃ-ﬀ%ﬂ%V0Q"ﬃg./+ﬃﬂLGﬀﬁﬂ./"Ss./ﬃ-q
lB%*DB2+1Ss./,)+%ﬂq73)Xﬃﬂ+JK)+D0%E2L+ﬃI7g+ﬃyiW)ﬁ-%E>ﬁﬂ<2#ﬁM%*'*2ﬃﬂq)+ﬃyn(ﬃﬂD,&%kV
eŁ%'8	ﬀ>vAU+Jp%ﬂ<W+ﬃI./ﬃ-LG2ﬁ-./YSs./ﬃ-q`lB%ﬂ2,%ﬂ'*2ﬃ-<2ﬁ3ﬁﬂ./0';ﬃ"#$lB<ﬀ#lﬃ82s7
=GﬁM%E)+Jp%VQcﬁ5#a)+%ﬂ%j[x+ﬃﬂDBGC<ﬀ2./wHIﬃE`+2D2  2ﬃ-Dh)+=xqﬀ=Gdj^4x2DOO7
C0%EI)ﬃ-%ﬂﬃEo=G<ﬀ2./ 
y#$0'*ﬀﬃﬂD,)=GC#a	LsﬃŁﬀ*Ss./ﬃ-qC)./)ﬃ-./	LG`aﬃEB%ﬂﬀF
ef2=Gﬃ-ﬀacﬀ./,%=G<2ﬀﬃM%8'3ﬃﬂ+6DBGdV

x+<2%ﬂq%ﬂ>qG+ﬃﬂ'*)ﬃ-52(HIﬀJK+2ﬃ-s7 
)ﬃ-LGﬁ-%ﬂ21)<2B%EﬀLGPK=<V&`x#+ﬃEﬀ
ﬁ-%ﬂ21)<2B%EﬀLGdjsQc9ISTIq)ﬀﬃ*%/#<ﬀ2ﬃ-%Ex4x%ﬂLs+_#$ﬃ+)ﬃ-Ls./ﬀﬃﬂ)ﬃ-=G2ﬁ-./xHIﬃﬂ`ﬀ
FGLG~ﬁ-LG=Gl0%E:)ﬁM%EﬃE`+2ﬃM%E|?^B%Eﬀ0%Edj;+26qBV 9yV8)./ )sJ!Ls./+LGﬁﬂﬀﬃM%EYLGﬃﬂ<2
?c`2LGﬀﬀ./,%tﬁ-`ﬃﬂ./dV;Q"26Ss./ﬃ-qC`+)='*2ﬃﬂ )ﬃ-./}2Qc98S 2ﬀ}s7
=G+ﬁtLhﬃrﬃM%Eﬃﬂo=G<2ﬀ./ﬁCn(ﬃﬂﬀ##a<2)=G';<ﬀ%V;9;"%'8C
;
	
ﬃt#$<ﬀ%E
?AB%ﬂ2,%ﬂ>FGﬃﬂ<NoB)+Jp%2(HIﬃE`+2!ﬃMJKLG<2=Gﬃ-ﬀ./dVlQ"ﬃ"{(ﬃﬂ)+dj';ﬃﬂ) %'8 9
;	
ﬃ*#$lh7
<&%Ex?^B%Eﬀ0%E6ﬀ./0%"B)+JA+2(HIﬃE`ﬀ5ﬁﬂ`+ﬃﬂ2./0%jl2ﬁ-%*+Ls./2./0%#$DO0%kV
Qcﬁ  ﬀﬁﬂﬁﬂdj+';ﬃﬂ)+ ﬀ2=c?AO%E20%E>B)+J2cHI+ﬃEB`2(Bﬁﬂ`ﬃ-./dj$ﬃﬂ!#$ﬃ;2./0%kj
DG+,%ﬂ(<&JK>?^B%Eﬀ0%EdjﬀyJKUﬃ8+2ﬁ-cHIﬃE`ﬀJKLGﬃ- =ﬀ=G%Iﬁﬂﬀdj+BJKUﬃI)+ﬁﬂq)0';o<ﬀ
)@q)D,UsJp%E2= 
)ﬃ-LGﬁ-%ﬂ21)<2B%EﬀLGﬁ-ﬁ-hﬁ-%ﬂwq)|FGﬃ-#aﬁﬂﬁ-ﬃﬂWVŁQ"ﬀ#$ﬁM%Er4xG=G<ﬀ2./DB&%kjdlBﬁ
 "ﬁ-`ﬃﬂ./0FGﬃ-l<&%Ex)+Jd2 
y)+ﬃﬂLGﬁM%E2)<NB%ﬂ2LG+ﬁ-%E+ﬃEB`2Iq)tﬃMJKLGﬃﬂﬁ-./dj+ﬁ-%E<2<&%;ﬀc4x=G7
%Eﬃ-ﬁﬂLlq%ELGLG=Gﬃﬂ`ﬀ6PR46AHT!lﬃV 
y#aﬃﬁﬂﬀ%Gﬃﬂ2ﬃ_D,<22+2ﬁﬂ./+*LG)+%ﬂ2
%E#<2ﬀﬃM%ExCLﬃﬂ`L<2LG=Gﬀﬁﬂ./6Q"ﬃﬂﬁM%E<ﬀ<2)+=lB%ﬂLG2ﬁﬂ./+ﬃ"Sh%Eﬃ-)D0%E)ﬃ-ﬀ%ﬂ%ﬂ<ﬀﬁ"4xAH\ﬁﬂﬀ
rB=G%ﬂﬃﬂﬁﬂLGlBq%ﬂLGCL=GﬃE`+2ﬁ-./fy0%ﬂﬃﬂﬁ-)./,)=GFGL 72ﬃ-lD0%E&Fs&%/oB%j7)ﬃ-./h#+<2)+%ﬂ)=*)
q<2<2)+<Noﬃ-ﬃg
,%ﬂ=Gﬃ-ﬀ%EoB%8'*2"2"JK)+D0%E2L<ﬀ<2(4xAH PpJR46AHTjlQ"ﬀa)ﬁ-2LGﬁ:7M46^H PK46AHT;)+
?^ﬃ-JK)ﬁ-2LGﬁ:7M46^HX)+%Euﬀ!)0FGﬃ-qﬀ./,%ﬂ#lﬃ-ﬃ^9;ﬁM%/s%Eﬀ<0ﬃD,<ﬀ2ﬀﬁﬂ./_ﬀLs+N=G+LGﬁ-%ﬂ2DV
v<2<ﬀﬁ2ﬃ-;Q")+ﬃﬂ./+JKU+ﬃﬂ#lﬃ-Dﬀ%u?AB%ﬂ2,%ﬂ1ﬀ%BD,%ﬂﬀFﬃŁQ"9IS_=Gqﬀ=%';ﬃﬂwDG0%ﬂjm'8oﬃ-
F$V +V0+28JR46AH ﬀ	'3ﬃM%ﬂFLG<2<ﬀﬁ 7yﬀ<ﬀJKﬁﬂﬀ%-%E<jm) ﬁu)0%Eﬃ-ﬁﬂ./ﬀ<ﬀ2./r yﬁﬂ`ﬃ-./)+Jaﬀ
HIﬃﬂ`ﬀ(q)ﬃﬂD,<2oﬃﬂdVlef2>?^ﬃE+2=GCJKUﬃ82(ﬁ-LG<2./(JR46^H;7:y0%ﬂﬃﬂﬁ-)./,)=CDG0%ﬂ)+ﬁ
)+JK2l+ﬃMJKLG<2=Gx?flBﬁﬂFGLGxD0%E&FGﬃ)+xﬀlD0%E&FGﬃ 
y)+ﬃﬂLGﬁM%E2)<NB%ﬂ2LGr#aﬁ-%EWV
8uﬃ-W0%E<2ﬀ./,)=Gtﬃ3<2%Eq%ﬂGBﬃﬂDLG+,%ﬂq2=djhl[146AH}FGL?AB%ﬂ2,%ﬂtﬀ%gﬀ	7
7`<NB,%ﬂ2ﬃ-%E6Q"9IS6ef<2D,%ﬂﬃﬂLhWj$+252./0%(B6Sh%ﬂ21)<2B%ELﬃ*=Gﬁﬂ./<ﬀLGﬁﬂﬁ-Y';ﬃﬂdjaDBﬀ
{!JZﬃJKUﬃcﬀw?AB%ﬂ2,%ﬂ|lﬃ-ﬁ-%ﬂ<2<&%kVa9;+DB@2ﬁ-2./0%E<ﬀ2./Y+ﬃ!Q")ﬃ-./+JKUﬃ-#lﬃ-D&%!'8oh7
ﬃﬂ 
	tQc9ISY#aﬁ-%ﬂ@F$V +VWlBﬃﬂ2WjalB[ 7yLh./+JKﬃﬂh)+qﬃﬂ=G)=ﬁﬂ`)<ﬀﬁﬂ)ﬁ-./<7
<2C{(ﬃEﬀ0%Eﬁﬂ./<ﬀ%ﬂ)=Gdj2	2+ﬁﬂ#$ﬁﬂLﬃ-C';oﬃ-HI5k7y)X+ﬀa)ﬁﬂﬀLGﬁﬂ='*2./0%ﬂ%Eﬃ
eu?u
7:Ss,)qB)+Jp%Eﬃ-%EdjfSh`l,)=ﬁﬂﬁ-%ﬂG[Gﬀb=ﬁﬂ./+<2LGﬁ-ﬁﬂ+Sh%Eﬃ-LGCD,ﬃ-2ﬁ)ﬁ	S,%E&7
1)<2B%ELGﬃjAHﬀ%EﬃﬂDO#$<RjGef<2D,%ﬂﬃﬂLhI) 72ﬃﬂ+=G'3#$*2)+q2ﬃﬂdVG "<ﬀﬁfvlLG<2=8ﬃfﬀ)q2ﬃ-%E
Ss`l+h)+=()1+ lﬀ%FGﬃ-#)+tSh%ﬂﬃﬂLG	l)[yDO1ﬁŁq)ﬃŁeuﬃM'8oBﬃﬂ1)+=(ﬁ72ﬃ-=G7
';#aﬁA)+	Sh%Eﬀ1)<2B%EﬀLGcFGLG 
yﬃMFGq<2<21DLCdVOQ"ﬀﬁ-;)=%Eﬃ-2=G=ﬃ-%ﬂSh%Eﬀ1)<2B%EﬀLG
DG+ﬀ(JR46AH;7:0%Eﬃ-ﬁﬂ)./,)+=t)dV _Vl),#ﬃﬂ)./,#lﬃrB./dV
Q"2ﬁﬂ2./+ﬃﬂ+ﬀ%ﬂﬁﬂﬃ-<2FB0%E| yﬁﬂ`$D0%EBj21ﬀy+C2ﬁﬂﬃ" "ﬃﬂ#$&%()0%Eﬃﬂﬁ-)./0%5'*)+ﬃﬂdj
ﬁﬂﬀ )WV +V&u2+)qﬀﬃ-%ﬂxSs`l,)+=juH^C`$ﬃﬂB%E)ﬃ ﬃCef<2D,%ﬂﬃﬂLh>) 2ﬃ-ﬃCiW)<2ﬀ%ﬂ)=j
vl)D0%EﬀLG ﬁ?f)<2ﬁ-=G+ﬃEO%ELGﬃ-ﬁjcnLGﬁ-,)+qFGLG\JKD0%E]Lsﬃ6<ﬀLGﬁﬂ\nyLG0%ED0%EWVcefﬁ
';ﬃﬂnyLG0%Eﬃ-LG<2<ﬀC=G<2ﬀ./Dﬀ%E@)+JK=Gqﬀ=%>PR4687HﬃﬂLG%ﬂﬃﬂ2kT!)+efC`+JK<2)+=GJKU+ﬃ
4687:y0%ﬂﬃﬂﬁ-)./Yx?AB%ﬂ2,%ﬂC&%*D0%E&FGﬃ 
)ﬃ-LGﬁ-%ﬂ21)+<NB%ﬂ2LGt==G#adV
 "#=ﬁﬂ_FGLG#aﬃﬂ<ﬀ=G)+=Gdjmﬀu23?AB%ﬂ2,%ﬂﬁ-2./ﬃﬂﬀ%A#a%EﬃﬂWdj'*)ﬃﬂ+	)./nyLGh7
q`+%E=G%ﬂﬁ-%ﬂ%6) '3&%Eﬃ-0%'*2./DB<&%kj")+ +29;2<ﬀ,)l<2&%/oB%tﬃY46I7 ")+JKdj*ﬀ
)ﬃ-./xﬀ5Sh%Eﬀ1)<2B%EﬀLGﬁﬂﬁMhﬁ-%EC"#a20%ﬂﬃEo./0%Eﬀ=%*ﬁﬂﬀdjlq)Fﬃﬂ#$ﬁ-ﬁﬂﬃﬂdV
Q"2!BD,%ﬂﬀF 
)ﬃ-LGﬁ-%ﬂ21)+<NB%ﬂ2LGC#a20%ﬂﬃEo./0%Eﬀ=%*ﬀ!9;2<ﬀ,)l<2&%/oB%8)+J^q'3)0%Eﬃﬂﬁ-./2<2ﬀ./
X2ﬁ-defﬀﬃ-ﬁﬂ&%EﬁcDO+@ﬁ8uﬃ-#2+)=Gﬁ-DBB#a<Łq'*ﬀﬁﬂ./ 
)ﬃ-LGﬁ-%ﬂ21)<2B%ELﬃwPRB)[Gﬃ-l<ﬀ#
ﬁg,%ﬂﬃ-ﬁﬂ)./,)=ﬁﬂﬃEB)CﬁETg)+tSh%ﬂ21)+<NB%ﬂ2LGﬁ-<ﬀD0%Eﬃ-LscPZﬀ{(ﬀﬃﬂwﬁ;?^B%Eﬀ0%ETŁq)&7
ﬃ()+<2<ﬀ3JKUﬃ^q)ﬁﬂoB%Eq<2ﬀ./jFLG	)[wﬀDL``a<2+ 7yLh./+JKﬃﬂ,)q7P 7"v7:TMﬁ-%ﬂﬃE+<2)=c'3ﬃ:7
WVlQ"2ﬁﬂﬁSh%EGﬃ-ﬁﬂﬀ=Gl<JKUﬃM%Iq)>./lﬃﬂD0%Eﬃﬂ2ﬁM%Eﬀﬁﬂ./x yﬃ-%EJZD0%Eﬀt#$%ﬂﬃﬂLa+x4687
9;2<ﬀﬃ-dVG yﬃ-ﬃ-ﬁﬂ&%Eﬁ3ﬁ-%E<2<ﬀ2*2`<20%E2ﬃ-%ﬂdjBC%/<ﬀ<22ﬁ-./ef<2D0%EﬃﬂLhrﬀﬁ-%EﬃﬂDB
Ss)ﬁ-q`s%E2#+2<2&%/oB%ﬂﬁﬂU#$ﬃ-=0=+2ﬁ-2./0%E<ﬀ2./ﬁ)=G#$+{!';#aﬁrlBﬃVuQ"ﬀﬁ	DO2ﬁ:7
#aﬁﬂLG+ﬃ-#$^eg?f
7 ")+JKlBCdj$2!JKUﬃ*JR46AH;7:0%Eﬃ-ﬁﬂ)./,)+=GFGﬃ-'3+%('3ﬃﬂ+djaq)
=GLC%Eﬃﬂﬀﬁﬂ./ 8uﬃﬂqﬃ-ﬃﬂ)=)+1Sh2=GlB<ﬀFGﬃﬂ<ﬀ)ﬁ-%ﬀ9;ﬃﬂﬀ./_+ﬃef<2D0%ﬂﬃﬂLhŁJKUﬃ-dVOQ"ﬀﬁﬂﬁ
?fﬃﬂLG#<ﬀ %ﬂﬃﬂ&%ﬂ%3)./Bt+ﬃﬂSs)+ﬁﬂq`+%Eﬀ#2<ﬀﬀ%EoB%Eﬁ-U#aﬃﬂ=0oB=G	'*2qV 9"V, H)+Jp%-7:{!';#a7
{!ﬃ-q }Sh%Eﬀﬃﬂ<2djŁ 
"ﬁ-s7yB./s7yB) Ls+ﬃ	{(Gﬃ-=0o= )+J
)2ﬁM%IFGLG=0q!B<2<2=2+ 
0%Eﬃ-ﬁ-ﬁﬂ_JKU+ﬃ+2cJR46AH;79;2<ﬀ=G#)=V

|2ﬁﬂﬃ5 yﬃﬂ#$&%('*)ﬃﬂﬃ_efﬀ+l)[h%Eﬃﬂﬃ/7yv7MS,%EﬃEB<2)+=)0%Eﬃ-ﬁﬂ)./0%)
ﬃﬂfFGﬃ-ﬁﬂ./ﬀﬃﬂ%Eﬃ-LGﬁﬂ`$D0%E&FGrnyLGﬃ-ﬃﬂD0%ﬂ)ﬃﬂ%ﬂLs+JKU+ﬃ1Ss)+ﬁﬂq`+%Eﬀ#2<ﬀﬀ%EoB%Eﬁﬂﬃ-%ﬂJZD0%E	ﬀ	7
`<2C0%E2ﬃ-%A)C&%Eﬀl+ﬃ^Fﬃ-=G<2ﬀ./dVGQc#$ll+<&%fﬁuﬁﬂﬀ./	) q'3$4%E+Lsdj0ﬀ
)+Jﬃc)l0%E&lqﬀﬃ-)=FLG46=G+%ﬂJK<2ﬀLGLG=Gﬀ%EoB%EC)+C&%3Fﬃ-#)
@vl<ﬀﬃ5#aﬃﬂ) A2t4x%ﬂLht2ﬁM%1ﬃ-2#2<ﬀ#lﬁ-2ﬃ-%5)b,)+%ﬂq%wq)ﬃ1nLGﬃﬂﬃ-D0%E)ﬃﬁFﬃ:7
qﬃﬂﬃ-%ﬂx9;2<ﬀﬁI2>)0FGﬃﬂqﬃﬂﬃM%Eﬁ(JKﬃ-q#2<ﬀdV
Q"2* yﬃﬂ#$ﬀ%u=<22ﬃM%uﬁﬂﬀ./Cﬀ	JKU++JdHﬀ<2,Qyﬃgef2<ﬀﬀ%ﬂ)=!ﬁﬂ./+<22[%uﬁﬂﬀ./C2QcBﬃﬂﬁ-%ﬂ<ﬀ<2)=5ﬃ
{!ﬃ-)<2=G@+ﬃ5n(ﬃﬂ+ﬁﬂ`ﬀ,%ﬂLGLG=GﬃEB`2BjWﬃ59;2<ﬀs7:nLGﬃﬂﬃ-D0%E)ﬃ-C%ELh)@ﬃ 
y)ﬃﬂLO7
ﬁ-%ﬂ21)<2B%EﬀLGWVaQ"l./'*2ﬃﬂlﬁHIC+JK<ﬀ6ﬃ"?^B%Eﬀ0%Eﬁﬂﬀ./ﬃ-&%"#$lB<&%kVQ"ﬃ
Fh2ﬃM%EH^2<$=G0%8)+Jﬀ ?c`+%ﬂ22ﬃﬂ)=!ﬃ89;ﬀ<2,)lB<2ﬀ%EoB%f2dVhef2ciW)ﬁEBC+JZBﬁﬂﬁﬂ)+=ﬀ%
 ")ﬁ-#<2ﬀ./Dtﬁﬂ./+<22[%*ﬀ( "ﬃﬂ#$&%#dV
     
 
  
B
Q"2c46=G+%Eﬃ-ﬁ-LGlq%ELGLG=Gﬃﬂ`ﬀwPR46AHT3lO%8ﬁﬂﬀ./2C><2%Eq%E Gﬃﬂq0%ﬂ>q)2ﬃ
)0FGﬃﬂqﬀ./0%E#lﬃ-X9;2<ﬀ=G#+)=Gﬁ-CLhl<ﬀﬀ%/oO%yﬁ-L';LG+<f2ﬃ5D,<ﬀ2ﬀﬁﬂ./|LG)s%E2+'*2	)+./ﬀ
ﬃw+)ﬃ-Lm'*ﬀﬁﬂﬁ-ﬁ-./lBJp%E<ﬀ2./vlLGﬃ-ﬁﬂ./,)=|,%'*ﬀ./D<ﬀ%kVuQy2 8uLGﬃM%E2<2Cﬃw46AH =G=G,U#aﬃ
ﬃﬂ9;2<ﬀ=G#+)=%ﬂ./ﬀD#aﬁ-%ﬂblﬃﬂﬀdjl[Yﬁ-22./0%wﬀ0FBﬁﬂﬀF|ﬀﬁ-%jDBﬀ>Sh%ﬂﬃEs7
<2h#$<2ﬁ-%ﬂ)=5#a$?AB%ﬂ20%ﬂdjs?fﬃﬂLG#lBC)t+2qﬀ2ﬁ-./ ?^ﬃ-ﬁﬂLG<$Fﬃ-)ﬃﬂﬁﬂ./0%kj+2
ﬃMFGLGﬃ-ﬃE= 2./0%ﬂ2<ﬀDLG0%ﬂﬃEﬁM%_#+2%ﬂ%5)@ﬀ	ﬃEo)+C<ﬀ2./w y)+lGﬁ-)=YB)+Jp';2ﬁM%kjﬀ
2Ss)#s7:4x2<ﬀ<22%ﬂﬃ:7:9;ﬃﬂﬀ./r<ﬀ2=B%kV
Q"25{(ﬃﬂ)+<NB=GJKUﬃIﬀ_46I79;2<ﬀ=G#)=1'3ﬃ-x2>2ﬁﬂ n!`ﬀ%ﬂ<aﬃﬂﬃ-%Eﬃ-%V$iW)lo./ﬁM%
'*2ﬃ-)+Jﬀ"`0hﬁﬂﬀDO<2ﬀﬁﬂ./{!ﬃ-)<2=GrﬃIn(ﬃﬂﬁ-`2ﬃ-ﬁ-LGlq"2+=G=0B=GWVs yﬁﬂ./<ﬀ27
[G+@'*ﬀﬃﬂ@ﬃﬂD,<2oﬃ-%jW'*2	C|2@LGﬃM%EﬁEB)+JK=G<ﬀGﬁ-%ﬂﬁ_4687MSsﬀ=Gl<ACﬁﬂﬁﬂXDOP4xI7H^LGLB7
=GﬃEB`2kTVQ"ﬀ	#aﬁﬂLG+ﬃﬂ`0hﬁﬂﬀLG<2LG=2ﬁﬂ./+@)%ﬂ./+2ﬁﬂ./+,#a2+=G)=Gdjﬀ
)ﬃ-./6ﬀ 
y)+ﬃﬂLGﬁM%E2)<NB%ﬂ2LGr=G=G#axﬁ-2Wj+';ﬃﬂ6#a+JZ<2<ﬀﬁIﬃ-Dh<2oﬃ-%V
   	ﬁ 
   
  
   
Q"2ﬁﬂﬃ_ y#ﬁﬂ./+ﬀ%ﬂ%_=G,%)+J8lﬁ_?uoLGﬁ_n(ﬃﬂ+ﬁﬂ`ﬀﬁﬀo)[Gﬃﬂb46=%-JK<2@ﬀ
)Yﬃﬂ<2o)+%Eﬃ-%"lﬁ8uﬃﬂlB<ﬀ%EYﬃ(Ss`ﬀﬁ"ﬀ*))+#a ./+ﬁﬂ<&'*2ﬃ-Dh)+=C&%<2D0%EﬃﬂLO7
rB=G%ﬂ2ﬁ-./ﬃSh%ﬂﬃE+<2)=+V
	 


 Gﬃ
3
J 5A5JKU+ﬃ-%E ?1V^Sh%Eﬃﬂ) ]V^{(ﬃﬂ<2./@2ﬃ!=Gﬃ-)<ﬀ=Gﬁ_eAs`aﬃﬂ20%)ﬁV

 + lB./2+#$l+,%ﬂ38uﬃﬂﬁ-)./})+ﬃﬂ./2[%12 8%ELCﬁM%EﬃEB<8ﬀ2LCLG=ﬁ
46=G+%ﬂJK<2PZﬁVl "##WV
3
V
3
TVlQ"ﬀ!n(ﬃEBJp%)sJA2 8%ELG ﬃﬂ=2#+%*ﬁ-2./q)d
~F = ~∇(~µ · ~B) , P 3 V 3 T
';L#a
~µ
lBﬁ5C=G+%Eﬀﬁﬂ./C4xLC,%_ﬁ_ 8%ﬂLGCﬁ!ﬀ2 46=G+%ﬂJK<2 ~B
2ﬁM%kV932ﬁ!lﬀ
=G2+=trBlkFGLG@)ﬁjdl[ﬁ(=Gﬁﬂ%ﬂwr=%ﬂ2ﬁﬂ./+	4xLG0%
~µ
,)ﬃ()+ﬃﬂ./@@98+s7
ﬃﬂ2`)<ﬀﬁ8ﬃyef<ﬀD0%Eﬃ-LGﬃ-q)=%*'*Uﬃﬂ+
~µ ﬁﬀﬃﬂ  =
e
2mc
~L = γ~L ,
P
3
V65T
C&%*98Bﬃ-ﬀC`)+<2ﬁ ~L
)6+
)(T !
.
A %I)*'-
1
6?72;$<-B'"! -B!$<
D
#
1
'F6?7 γ
Va
x2ﬁﬂ
v<2<Ł'*Uﬃ-CX2t y)+JKﬁﬂ`<ﬀ%ﬂ)=Yﬀﬀr)+=Gﬃﬂt yqk+<(P 5
l #
3
T(FGLGS,%EﬃEB<2ﬃ:7
'8Bﬃ-%EdVlS,%Eﬃ-t){(ﬃ-<N./C#a,)+%EqJKUﬃ;ﬀﬃ3eŁs`$ﬃ-20%82t 8%ELGﬁ-%ﬂﬃE+<W)+ﬁ*Ss2<ﬀ#aﬃM7
B%ELCdVaSs2<ﬀ#aﬃB%"2_D,)=G<ﬀﬁ-hC%Eﬃﬂﬀﬁﬂ./ H)=ﬁ-FGﬃ-%ﬂ2<ﬀ)=C)q)+ﬁEoB%ﬂq<2ﬀ./62 @%$7
ef<2D0%ﬂﬃﬂLGdV$Q"C./Y2ﬁM%"+ﬃc9;ﬃ-ﬀC`+)<2ﬁ*FGLGSs2<ﬀ#aﬃ 
)<2<3P
l = 0
T aC>'*Uﬃﬂ+w<2ﬁ-L
4
  
 9 
  J
D2 ")+JKﬁ-`l<&%E)=ﬃM'8Bﬃ-%EdV  oﬃﬂlﬁ_ef<2D0%ﬂﬃﬂLGﬃ @sVSs./lB<22@2+ @	07:iW)ﬁ-%Edj
l	loO%ﬂ%EIC12I y)+JKﬁﬂ`<ﬀ%ﬂ)=(2w+ﬃﬂlSh%Eﬃﬂ<2wq)	ﬃM'8Bﬃ-%EdV,QcﬁueAs`$ﬃﬂﬀC0%uﬃﬂ=G#
ﬀ_ y)+JKﬁﬂ`<ﬀ%ﬂ)=2q'3ASh%Eﬃﬂ<2dV$vlLG<2=G<ﬀ2./1)+[ClBﬁ"ef<2D0%EﬃﬂL6ﬀx2+ﬃﬂYQ"ﬃ-ﬀ	7
`)<ﬀﬁ5PSs`ﬀT;#$ﬁﬂ&%EqdV
ef#aﬁﬂL5'*2*ef<2D,%ﬂﬃﬂLG+#aﬁﬂﬀ%ﬂqr)+./r 8%ELCDBﬃﬂ+ﬀ%Ł)=GﬃEﬃ 
y)D,<2LGqk+<$+#$
2ﬃ- 98+ﬃﬂ2`)<ﬀﬁ
lˆ
ﬀC&%;Sh`2
sˆ
Fﬃﬂ#+)ﬁrB=G%ﬂ2ﬁ-./ﬁ*4LGC0%kVv^Uﬃ
ﬀxn(ﬃﬂ>ﬃ 
y)D,<2LGqk+<
A
ﬃﬂ=Gﬀ#+%Iﬁﬂﬀ./6B<2ﬁﬂL	ﬃy{!ﬁE%ﬂﬃﬂ2`)<ﬀﬁ8q)
Jˆ =
A∑
i=1
lˆi + sˆi
P
3
V:90T
Q"2;2ﬃf#a%EﬃEB./,%ﬂ%ﬂCQ"ﬃﬂ2`)<ﬀﬁﬂ8ﬁ-2w,)l0%ﬂ./lB2ﬁ-./c{(ﬃﬂ[Gw)+Cﬀ*Shh1#$LG<2
lˆ
j
sˆ
)+
Jˆ
#$ﬁ-./ﬃﬂ2#$ ?(`$ﬃﬂB%ELﬃﬂPK=GDBqﬀ./%y)ﬃ-./
ˆ
TVlQ"ﬃy{(ﬁﬂ%E+ﬃﬂ+2`)<2ﬁ
Jˆ
2ﬁM%(q';ﬃ!ﬀ=G0%E<ﬀ2./Y2	nLG1#ﬀlB%ﬂ2LGB)ﬁ!98+ﬃﬂ2`)<ﬀﬁc)Ss`ﬀdjdﬃc'*2ﬃﬂ|B#aﬃ
lo)+=,)ﬃy<ﬀﬁIn(ﬃﬂ+ﬁﬂ`ﬀx#$q2./+%V
9;Ah)0%E+C./lﬀﬁﬂ./Q"ﬃ-ﬀC`)+<2ﬁﬂ2ﬁM%(ﬃc9;%ﬂﬃE=)+@+2wnLGC`$LG0%Ew262+
yB)Cﬃ-2./0%E)+=
n
=<2ﬀ./qﬀ%ﬂ2=>C[G#lﬃVia'8Bﬃ_ﬁ-22C?fﬃﬂLh)D0%Eq)ﬁ-%EoFGLG
lˆ
2 j
sˆ2
j
lˆn
)
sˆn
DBﬀ5euﬀ=G+q)ﬁM%/o+!FLG
Jˆ
jﬁ<2o[%Iﬁ-2./
-Lh./2+!98ﬁﬂﬀﬁ |j,mj, l〉 )ﬁIﬀﬁ-
iW)ﬁ-%EotDL1#2+2ﬃ-dV,Qy2yQ"ﬃﬂ2`)<ﬀﬁﬂﬀ=G+q)ﬁM%/o+ |j,mj, l〉 ﬁﬂﬀr+2ef2=Gq)ﬁM%/oh7
ﬃ?(`$ﬃﬂB%ELﬃﬂ
Jˆ
)+
Jˆn = Jˆ · n V*Ss26<Nﬁ-ﬁﬂ ﬁ-2./ )ﬃ-./zﬀﬃﬂefﬀ=G0'3ﬃ-%ﬂjIﬀ
Ag−Atome







    
    
    
    
    
    
    







   
   
   
   
   
   
   
Schirm
inhomogenes
Magnetfeld
 "##+2<2+)=
3
V
3
:
ﬁﬀﬂﬃ
 "!$#&% '"!$()*ﬂ% ,+.-/!1023"#45ﬃ
3G;
    
 
  
  



c)l0%Eqk+<2
j
)+
mj
jl./lﬃﬂD0%Eﬃﬂ2ﬁ-2ﬃﬂW
Jˆ
2 |j,mj, l〉 = j(j + 1)~2 |j,mj, l〉 ) Jˆn |j,mj, l〉 = mj~ |j,mj, l〉 , P 3 V 7 T
';L#a
j
l<ﬀ#s7;Lsﬃ"=0Bqq<2ﬀ=G!2./0%ﬂ=0O%EﬀF ﬃ-%ﬂ1+DO+dV
mj
<ﬀ2=B%"ﬀY9;7
ﬃﬂ2./ −j,−j+1, ..., j−1, j )+_DO+ﬁﬂLC&% 5 j # 3 ﬃM%Eg+dVOvAU+ﬃASh`2s7 1
2
7Hﬀ<2./
ﬃ-=G2#+%8ﬁﬂ2./ClB./d
|j,mj, l〉 =
∣∣l ± 1
2
, mj, l
〉
= α±
∣∣l, mj − 12〉 |↑〉+ β± ∣∣l, mj + 12〉 |↓〉 . P 3 V:@GT
Q"2wﬀﬁ-%ﬂ| 8%ELGDﬃﬂ	lB#a2@+2./0%!FGﬃ-ﬁﬂ./0'*2++Q"ﬃ-ﬀC`)+<2ﬁVdeuﬁ!=Gﬀ#+% 
-7
Lh./xB)./>2+2=G 
y)D,<2ﬀj+q) 9;ﬀﬁﬂ`ﬀ<dn(ﬃﬂ(ﬀ%;2+ﬃI=GﬃE?uﬃ-L%ELs7f) 
y)h7
%Eﬃ-LG+qk<RjA#$8+ ﬀ 
y)+Dh<ﬀLG+ﬁﬂL|DLG`+`a<2djŁ[ﬃwﬃ-ﬁ-)<ﬀ%ﬂ2ﬃ-+xQyﬃﬂ+2`)<2ﬁ

y)<ﬀ<'*2ﬃﬂWVWef2+2=G59;2ﬁﬂ`+2<ﬀ5JKU+ﬃcn(ﬃ-jaﬃ-|Q"ﬃ-ﬀC`)+<2ﬁﬂ!FGL 
y)<ﬀ<Fﬃ-ﬁﬂ./ﬀﬁ-2dj
q2=%*H^#$<2<ﬀ
3
V
3
V
 2y2t{!<ﬀ2./,)+=
3
V:5 lBﬃﬂ=Gﬁ-%E<2<&%3ﬃﬂ=Gﬀ#+%3ﬁﬂ2./r2r+ﬃ8D,<NBﬁﬂﬁﬂﬀﬁﬂ./?f0sﬁ-2DC)ﬁ8+ 98h7
n(ﬃ-
S gK
γ
rad s−1T−1
ν1TLamor
MHz
1 7 3 5 @sj:@A4 7 267,5 · 106 7 5sj:B
2 7 3 ; j 4 @GC 40,8 · 106 B+j:@
10 9 9 ; j B ; ; 28,3 · 106 7 j B
11 9 9  5 3 j:CA9 5 86,1 · 106 3 9+j6C
13 E 3 5 3 j 7 ;A7 67,2 · 106 3<; j6C
19 v 3 5 @sj:5G@ 7 252,0 · 106 7 ; j 3
23 
y 9  5 3 j 7 CGC 70,8 · 106 3A3 j:9
31 ? 3 5 5sj:5AB ; 108,1 · 106 3 Csj65
HAB#a<2<2
3
V
3
/02#0  		 !1#  0 
.- 02#
 #4 "#  ﬂ( "#
S  g
%44	! #

ﬂ!	ﬁ #  0 %
ﬃ #  !1 (  #02ﬃ1ﬃ "#
γ
.#ﬀ   !$	!ﬁﬀ)! ﬂ
*"#	"#
νLamor ﬃ
0 "0 #"! ! # "  # $ﬀ "( ﬀ
ﬀﬂ"!
  !%*
B = 1T &
  !ﬁ ﬁ #ﬂ#(')+*

ﬃﬂ2`)<ﬀﬁy2ﬁc=G<NHﬀ<2./ﬁc2YC=G%Eﬀﬁﬂ./ﬁ!4xLG0%kVa
ﬃ ()0%E+C7
./lﬀDDO r<2LG=|2 ?c`aﬃEB%ﬂLGﬃ
µˆ
JKUﬃlﬁ	C=G%Eﬀﬁﬂ./xQ"ﬀ`aLG<ﬀCLC,%12h7
JKUﬃ-dVuQ"ﬀ>?fﬃﬂLG`$LGﬃ-%ﬂ2LG<2&%/oB%ﬂﬁﬂDLﬁ-%E0%E
g
q'*ﬀﬁﬂ./~Q"ﬃﬂ2`)<ﬀﬁ1)+ C=G%Eﬀﬁﬂ./
4xLG0%c)+,%ﬂﬃ-ﬁﬂ./2@ﬁ-2./YJKUﬃ"98+ﬃﬂ2`)<ﬀﬁy)+@Ss`26))+./YJKUﬃ")0%ﬂﬃﬂﬁ-./2s7
<2ﬀ./cH2<ﬀ./WVlvAUﬃ*?fﬃﬂLB%ELG>) 
y)s%EﬃﬂL=G<&%E2cJKLG<ﬀ=G+C`ﬀﬃﬂﬀﬁﬂ./ﬃM%EB
  
 9 
 
3A3
gl =
{
1
JKUﬃ?fﬃﬂL%ﬂLG
0
JKUﬃ 
y)+%Eﬃ-LGWj
gs =
{
5, 58
JKUﬃ*?fﬃ-L%ELG+
−3, 82 JKUﬃ 
)+%ﬂﬃﬂLG+dV
Qcﬀ%Iﬃﬂ=Gﬀ#+%*ﬁﬂﬀ./d
µˆ =
e
2mp
A∑
i=1
gl,ilˆi + gs,isˆi,
P
3
V:B0T
';L#a
mp
+2_46ﬁ-ﬁﬂ!ﬁy?fﬃﬂL%ﬂLGﬁ*2ﬁM%kV
 ")+JK=ﬃﬂ)ﬃC)0%ﬂﬃﬂﬁ-./2<2ﬀ./
g
7:vD0%ELGﬃ-bﬀﬁ-% 
-Lh./ﬃﬁﬂL@l2ﬃ-%ﬂ ?c`$ﬃﬂB%ELGﬃ
µˆ
2./0%x`ﬃﬂL`aLGﬃM%EﬀLGl<yq) + 2 {(<2ﬀ./,)=
3
V:9l2ﬃ-%ﬂn(ﬃﬂﬃ-ﬀC`+)<2ﬁ
Jˆ
jﬀﬁﬂ#$7
ﬁﬂLG+ﬃ-t=G2#s%ﬁD2r=GﬀﬁEC98ﬁﬂﬀﬁ_FLGbef2=G0FGD0%ﬂLGﬃﬂdjŁ)X2C#a2{!ﬃ-G[G
ﬁﬂﬀ+2./0%5=G<22./qﬀ%ﬂ2=[G#ﬃVQ"ﬁ  ﬀ=GﬃM7:ef./DOﬃM%-7HI+LGﬃ- PKﬁﬂ2   {!<2ﬀL J
;
uLhﬃ
  ?LFs,J
7
pTd#$ﬁﬂ=%
-+Ls./djmlB[+2uefﬃ-';ﬃ-%ﬂ)=GﬁM';ﬃ-%ﬂ;ﬁ^C=G%Eﬀﬁﬂ./14xLC,%ﬂﬁ 〈µˆ〉 )
ﬁyn(ﬃ-ﬁﬂ`ﬀﬁ 〈Jˆ〉 `ﬃﬂL`aLﬃ-%EﬀLGl<Wﬁﬂ2+dV$Qc)ﬃ-./6ﬃﬂ=Gﬀ#+%ﬁﬂ2./6<2ﬁ?fﬃﬂL`aLGﬃM%EﬀLGl<ﬀﬀ%/oO%Eﬁ-JZBD,%ﬂLGﬃ
ﬀDBﬃ-l#loB=G2=ﬃ
g
7:vD0%ELGﬃ
gK
)+xﬁ<2o[%Iﬁ-2./ﬁﬂ./ﬃ-ﬀ#ad
〈µˆ〉 = gK e
2mp
〈Jˆ〉 = γ〈Jˆ〉. P 3 V6CT
Qcﬁ*C=G%E2ﬁ-./54xLG0%*2ﬁ*n!ﬃﬂﬁ*ﬀﬁ-%*l+ﬁy46Os21)+ ﬀﬁ-ﬁefﬃ-';ﬃ-%ﬂ)=GﬁM';ﬃM7
%Eﬁj;'3<ﬀ./ﬁ>2 v<2< |mJ | = J FGLGﬃ-<2ﬀ=%V;QcBﬁ=hﬃﬂLGC=G%Eﬀﬁﬂ./ 8uﬃﬂloB<ﬀ%E+2ﬁrﬀﬁ-%+)ﬃﬂ./
γ = gKe/(2mp)
+lﬀﬃM%_)+'*2wﬃ
g
7vD0%ELGﬃy2+wDﬃ-l#o=Gﬀ=GC{!ﬃ-G[G>PKﬁﬂ2wH^O7
#a<2<ﬀ
3
V
3
TV,efﬃﬂﬁ-%ﬂ"ﬀﬃﬂD,%ﬂ(4xﬁﬂﬁ-)=Gﬁ3r=%ﬂ2ﬁﬂ./+4LGC0%Eﬁ3FLG?fﬃﬂLB%ELGrﬀ%gﬃ
Sh%Eﬃﬂs7:{!ﬃﬂ<2./s7M4%E+Ls>'*)ﬃ-}FLG vlﬃﬂ2ﬁ-./)+ Sh%Eﬃﬂ}ﬀ Gﬃ
3
JG9G9   vlﬃﬂﬀﬁﬂ./ 9A9 ")+
efﬁ-%EﬃﬂC%y<RV+2 G+ﬃ
3
JG9 C   euﬁM%EﬃﬂC 9 C FGﬃ-a0%E<ﬀ2./0%kV
H
- !$'F79EW6?'F7 6?A
@
%I)*'-
1
= -B#?+
 "<ﬀ<2!';ﬀ%Eﬃﬂ|9;%ﬂﬃE./0%E)+=G=ﬃﬂU+ﬁﬂﬀ./|)+Ju 7"BCﬀ<ﬀ%ELLG`$ﬃEO%ELGﬃ
Hˆ
2ﬁ" 8%ﬂLG	7
Dﬃﬂﬁ3C&%3Ss`2
Jˆ
ﬀC2 o)[Gﬃﬂ46=%-JK<2
B
V+{(Co[! nLGﬃﬂﬃ-ﬁ-`aLG+q`ﬃﬂﬀqﬀ`
<No[B%(ﬁﬂﬀ./ﬀ	vlLGﬃﬂ ﬁ 7"2<&%ELG+LG`aﬃEB%ﬂLGﬃﬂﬁ")ﬁ!ﬃ_vlLGﬃ- ﬃ!Dh<2ﬁﬂﬁ-2ﬁ-./`aL%ﬂ0%Eﬀ<ﬀ<2
efﬃ-=G2(2ﬁC=G+%Eﬀﬁﬂ./6Qy2`$LG<2ﬁ8ﬀo)+[Gﬃ-646=G%ﬂJK<2
Vpot(t) = −B(t) · µ(t)
= −γB(t) · l(t) ,
35     
 
  
  



#<ﬀﬀ%ﬂd
Hˆ(t) = −γB(t) · Iˆ(t) . P 3 V 40T
 ")ﬁu{(<22./,)=GYP
3
V
7
TA)YP
3
V 40TADC2efﬃﬂ=Gﬀﬀ=G0'3ﬃM%E#aﬃﬂ./+%3';ﬃﬂdV
vAUﬃ!ﬀDBLGﬁM%/0%Eﬁ	46=%-JK<2
B0 = B0n
jlﬁ_ ?cﬃ-%5ﬁ 8%ﬂLGCDBﬃ-ﬁﬀX*2./0%E)+=
ﬁef2+&%ﬂFGD0%ELGﬃ-ﬁ
n
';2ﬁ-%jlﬃ-lo<ﬀ%*C
Hˆ|J,m〉 = −γB0 · Jˆ |J,mj〉
= −γB0Jˆn|J,mj〉
= −~γB0mj|J,mj〉 ,
)2!efﬃﬂ=Gﬀ2=G,'3ﬃM%E5ﬃ-=G#$ﬁﬂﬀ./xlBC&%8q)
Em = −γ~mjB0 . P 3 V:JGT
Q"2!efﬃﬂ=Gﬀ&FG)ﬁ*ﬁﬂﬀ6oBh)+2ﬀﬁ-%/B,%IFﬃM%Eﬀ<ﬀ%*)+xﬀﬃ8 "#+ﬁ-%/B6#$%ﬂﬃEo=%
∆E = ~γB0 = ~ω0 .
P
3
V
3G;
T
Q"2iWﬀ%ﬂ0%'*2./D,<2)+=FGLG 〈µˆ〉(t) DO|U#$ﬃ!2	?fﬃ-LG`aLﬃ-%EﬀLGl<ﬀﬀ%EoB%q) 〈Jˆ〉(t) l./X{!<ﬀ&7
./,)=6P
3
V:CGT;#$ﬃﬂ./%"'3ﬃﬂ+d
i~
d
dt
Jˆ(t) =
[
Jˆ(t), Hˆ(t)
]
=
[
Iˆ(t),−γB(t) · Jˆ(t)
]
.
4xﬀ%ﬃ 8uﬃ-%E)ﬁ-./h)+=Gﬁﬂﬃ-<2B%EﬀLGJKUﬃwQ"ﬃ-ﬀC`+)<2ﬁ-LG`aﬃEB%ﬂLGﬃﬂ
[
Jˆi, Jˆj
]
= i~ijkJˆk
jAﬃ-lo<&%
rB
i~
d
dt
Jˆi(t) = −γ
[
Jˆi(t), Jˆj(t)
]
Bj(t)
= −i~γijkJˆkBj(t)
Ls+ﬃ
d
dt
Jˆ(t) = γJˆ(t)×B(t) .
Q"2(iWﬀ%ﬂ0%'*2./D,<ﬀ)=wﬁIr=%ﬂ2ﬁﬂ./+4xLG0%ﬂﬁIﬃﬂ=2#+%Iﬁ-2./lB)ﬁ{(<2ﬀ./,)=>P
3
V6CT
q)
d
dt
〈µˆ〉(t) = γ〈µˆ〉(t)×B(t) . P 3 V 3A3 T
  
 9 
 
3
9
@
%
/
!
.
7
/0.
EF6?72;5<"-

-
1
!%(;$<
1
')
9;ﬃﬂﬀ=%C2x?fﬃﬂLG#$x#$ﬁM%E B)ﬁ
N
`lﬃﬂrB=G%ﬂ2ﬁ-./n!ﬃﬂ}2ﬀ}o)+[Gﬃ-ﬁ
46=G+%ﬂJK<2
B0 = B0n
j0ﬁﬂL52ﬁ-%u+2{(ﬁEB%EC=G%Eﬀﬁﬂ2ﬃﬂ)+=
M(t)
ﬀ"Sh)CIﬃ3efﬃM'8ﬃ:7
%E)+=Gﬁ-'3ﬃM%E5ﬃQ"ﬀ`aLG<ﬀCLC,%ﬂc<ﬀ<2ﬃIn(ﬃﬂ+j<ﬀﬁﬂL
M =
N∑
i=1
〈ψi|µˆ|ψi〉,
';L#a |ψi〉 ﬀ <ﬀ<2sJK)D0%EﬀLGXﬁ i. n!ﬃﬂﬁ#aﬁﬂ./ﬃ-2#s%kVfQ"ﬀt9;';=G)=ﬁﬂ=G<ﬀ2./,)+=|JKU+ﬃ
M(t)
<2o[%;ﬁﬂ2./>JKUﬃ82>LGLG=Gﬁ4x=G%ﬂJK<ﬀ
B0
)ﬁI+ﬃ9;'3=)=Gﬁ-=G<22./,)=6P
3
V
3G3
T
JKUﬃ 〈µˆ〉 #$ﬃﬂ./d
d
dt
M(t) = γM(t)×B0. P 3 V 3 5GT
Q"2ﬁﬂ{(<22./,)=(=Gﬀ<ﬀ%
-Lh./	h)+ﬃg)+,%ﬂﬃfﬃf2<2ﬀﬁﬂﬀﬃ-%ﬂ1 yl+CIﬁ-2./	2./0%u=G=G+ﬁﬂ&%Eﬀ=
#aﬀ+l)ﬁ-ﬁﬂ+ﬃcSs`2+ﬁV
Q"2g9;L<ﬀ%EqrBs7MS,%/B%ﬂ2ﬁ-%ﬂ2D*<2ﬀJKﬃ-%ﬀu9;ﬁ-%Eq)=Gﬁ-qk+<21JKU+ﬃ+2uefﬃ-=G2ﬀFk)+ﬁ^ﬃAefﬀ=Gs7
q)ﬁM%/o+ |J,mj〉 )ﬁ({!<ﬀ2./,)+=P 3 V:J0TV 8uLY2ﬁ-=Gﬁﬂ% N n(ﬃ-ﬀ%"Ss`ﬀ J #$l+
ﬁﬂﬀ./xC./
Nmj = N
exp
(
γ~mjB0/(kBT )
)
J∑
m=−J
exp
(
γ~mB0/(kBT )
)
2 iW)ﬁ-%E |J,mj〉 ﬀ%_C=G%E2ﬁ-./ Q"ﬀ`aL<2LGC0% 〈µˆ〉 = γ~mjn V^ y)+J2ﬁﬂﬃ
{!ﬃ-)<2=Gc<2o[%Iﬁ-2./25{(ﬁﬂ%ﬂr=%ﬂ2ﬁﬂﬀﬃ-)=
M
#$ﬃ-./+d
M = Nγ~
J∑
m=−J
m exp
(
γ~mB0/(kBT )
)
J∑
m=−J
exp
(
γ~mB0/(kBT )
) n.
9;+U#<ﬀ2./Cvl<2ﬁM%/oﬃ-D	)+CH`aﬃEB%ﬂ)ﬃﬂwJKUﬃfC2q2ﬀﬁﬂ./w=G,)+%Eq%En(ﬃﬂ+ﬁﬂ`ﬀﬃﬂ7
ﬁﬂLGq"'*ﬀﬃﬂr+ﬃIeAs`aL0% −Em/(kBT ) #a%EﬃEB=GﬁﬂCo[Gﬀ=_ﬁ-ﬃ8D,<ﬀ2WV+vAU+ﬃ;?fﬃﬂLB%ELGﬃ-lo<ﬀ%
rBb#a
B0 = 1, 5T
)+iWﬀCﬃM%EC`$ﬃﬂB%E)ﬃ5#$2ﬁ-`2<2ﬁM';2ﬁﬂ
Em/(kBT ) ≈ 10−5 VfQ"ﬀ
eA+`$LG0%ENB<ﬀJK)D0%ﬂ2LGDOﬁﬂl<ﬀ#x#+2ﬁ
3
V	?cﬃﬂ+h)+=C0%'*2./D<ﬀ%';ﬃﬂ6)+xC>ﬃ-lo<ﬀ%
C&%
∑J
−J m
2 = J
3
(2J + 1)(J + 1)

M = Nγ~
∑
m
(
1 + γ~mB0/(kBT )
)∑(
1 + γ~mB0/(kBT )
) n = Nγ2~2J(J + 1)
3kBT︸ ︷︷ ︸
=:χ
B0.
P
3
V
3
90T
3 7
    
 
  
  



y0%Eﬃf2ﬁﬂC93ﬀ=G)=	2ﬁM%u<2ﬁ-L(2I{!ﬁE%ﬂrB=G%ﬂ2ﬁ-2ﬃ-)=c+2ﬃﬂD0%f`ﬃﬂL`aLGﬃM%EﬀLGl<hq)
o)[Gﬃﬂ}46B=G%-JK<ﬀ)+ﬀﬁ-%	`lﬃﬂ<2<ﬀ<3q) B=G<ﬀ=%ﬂ vl<2WVfQ"CB%EﬃﬂNB<N#o=Gﬀ=G
?fﬃﬂLG`$LGﬃ-%ﬂ2LG<2&%/oB%ﬂﬁ-JZD0%ELﬃ
χ
#aqﬀ./%"C><ﬀﬁ %$	    	 
 ZV
Q"2Q"2`$LG<ﬀCLG0%ﬂ_ﬃ(C2ﬁM%EYn!ﬃﬂwDBLG`aﬁﬂﬀﬃﬂ|ﬁﬂ2./==Gﬁﬂﬀ%Eﬀ=VaQ"21CD,ﬃﬂLﬁﬂDLO7
`2ﬁ-./46=G%Eﬀﬁﬂ2ﬃﬂ)+='*ﬀﬃﬂx<2<ﬀ2+)ﬃﬂ./Y+2!ﬁﬂﬃ"=Gﬃﬂﬀ=G5y=<2ﬀ./0FGﬃM%E2<2)+=C#$'*ﬀﬃﬂD0%kj
2(+)ﬃﬂ./2!93LG<ﬀ%ﬂqCs7:Sh%/B%ﬂ2ﬁM%E2D	=G=G#$2ﬁM%kV
 "Y+2ﬁ-ﬃcSh%E<2<2!ﬁ-ŁB)./YLh./YﬃM'8oB0%kjW[tﬀ1{(ﬃﬂG[
B
j$25#2ﬁ-ﬃyﬃ"ef2+JZ./+&%
l<ﬀ#aﬃu<2ﬁ346=%-JK<2+ﬁ-%/oBﬃﬂD#$q2./+%;'*)+ﬃﬂBjhDBLGﬃﬂﬃ-D0%Eﬃ-'3ﬀﬁﬂ   	  $ 	ﬁﬀ
ﬂ  	
=G0%Ł'*2ﬃ-dj)+wC&%A+ﬃg46=%-JK<2+ﬁ-%/oBﬃﬂD
H
2_JKLG<2=Gﬃ 2ﬁ-I2w93qﬀ,)=(ﬁM%E,%
B = (1 + χ)µ0H ,
P
3
V
3 7
T
';L#a
µ0
ﬀ!r=%ﬂ2ﬁﬂ./+_vl<2DBLGﬁ-%E0%E52ﬁM%kVQcﬀ%;'*2ﬃﬂﬀ5C=G+%Eﬀﬁﬂ./5vA<ﬀ)[Gﬀ./0%Ej
#$ﬁ-L'*2x2xrD,ﬃ-LGﬁﬂDBLG`2ﬁ-./@{(ﬁEB%EC=G%Eﬀﬁﬂ2ﬃﬂ)+=2ﬁ 8uLG<2)+C<ﬀ0%Eﬁjgq)
ﬀﬃICB%Eﬃﬂ2<N#+lo=Gﬀ=Gt{!ﬃ-G[GBV
ﬃ   ! #"$ 
4xﬀ%I{!<ﬀﬀ./h)+=>P
3
V
3G3
TuDB0%rBt2"9;'3=)=Gﬁ-=G<22./,)=	ﬁ*euﬃM'8Bﬃ-%E)+=Gﬁ-'3ﬃM%Eﬁ2ﬁ
rB=G%ﬂ2ﬁ-./|4LGC0%EﬁVdy2ﬁﬂ1q)<2Gﬁ-Yﬀﬁ-%cﬁ(2<&JKﬃﬂ2./djﬁﬂﬀ1)+ﬁc H#$LGﬃﬂﬁMsﬁM%E
S0 2	ﬀwﬃﬂL%ﬂ2ﬃ-+ﬁg9;q)=Gﬁ-ﬁ-hﬁ-%ﬂ Sϕ q)	%ﬂﬃE+ﬁ-JKLGﬃ-CﬀﬃﬂdVGQyﬃgLB%/B%ﬂ2LGﬁM'*2DB<)+ ﬀ
qﬀ%E<ﬀ2./!DLﬁ-%E0%EI*L%/O%E2LﬁE./+ﬁﬂ
n
ﬁ-h=G=#$1)+ﬃﬂ./
ϕ(t) = ϕ(t)n
VOQ"ﬀ3lBq)=GGﬃ-2=G
LB%/B%ﬂ2LGﬁ-rO%Eﬃﬂw<2)+%E%
R(ϕt) = exp(ϕ(t) · I)
jh';L#a
I = (I1, I2, I3)
JKUﬃ8+2({(+ﬃEO%ELGﬃ-
ﬃ*L%/O%E2Ltﬁ-%ﬂ0%kV$ef2>#$<2ﬀ#ﬀ=Gﬃ 8uD0%ELGﬃ
v(t)
DOlC&%ﬂ%ﬂ<2ﬁ
v(t) 7→ vϕ(t) := R(−ϕt) v(t),
2xlﬁcﬃ-L%Eﬀﬃﬂ9;q)=GﬁﬂﬁMhﬁ-%E %Eﬃﬂﬁ-JKLﬃﬂ2ﬃM%*';ﬃﬂdVQ"2_C&%"+

ϕ
=GD+s7
q2./%E>{!ﬃ-G[Gr=G<ﬀ%EC#aaﬀ ﬃﬂLB%E2ﬃﬂr9;q)=Gﬁ-ﬁ-hﬁ-%ﬂVlvAUﬃg2*qﬀ%ﬂ<2ﬀ./* "#<ﬀ&7
%E)+=	FLG
v(t)
l+%rBﬀ%
ω(t) = dϕ(t)/dt

d
dt
vϕ(t) =
d
dt
(R(−ϕt) v(t)) = −
dϕ(t)
dt
× R(−ϕt) v(t) + R(−ϕt)
d
dt
v(t)
= −ω(t)× vϕ(t) + R(−ϕt)
d
dt
v(t).
 
)

    
3
@
n
〈µˆ〉
B0
ω0 = γB0
 
		ﬀﬀﬂﬁﬀﬃ
B0
	ﬁ ﬁ!"#
B(t) =
B0+B1(t)
B1(t)
B0
n
〈µˆ〉
n⊥
ω0 = γB0
ω⊥
ω1 = γB1
 %$&('*)+",-ﬁ!	ﬂ,/.01324
B0
.05ﬃ6"#ﬂ784-9: ﬁ!;
ﬁ %ﬂ,ﬂ5ﬃ+"=<?>@;A	Bﬀ"ﬁﬃ
B1(t)
 "##+2<2+)=
3
V65s   4	!10 "(2(    !1ﬃ  (2(  # ﬀﬂ! 
.- 0 # - !  ﬃ1ﬃ10 	# 0  $+  "!$#"# "  # $ﬀ "( ﬀ
&
 05	5!10 DC
 
*

X%xC ,) zﬁﬂ<ﬀ#az{!lDB=0B=})sJw{(<22./,)= P
3
V
3A3
TtdjIﬁ-LJKL<2=%tJKU+ﬃ
2yiWﬀ%E0%'*2./D,<2)+=ﬁ8efﬃ-';ﬃ-%ﬂ)=GﬁM';ﬃ-%ﬂﬁIﬁ;C=G%E2ﬁ-./t4xLG0%Eﬁ32 ﬃ-L%Eﬀﬃ-
9;q)=Gﬁ-ﬁ-hﬁ-%ﬂ
d
dt
〈µˆ〉ϕ(t) = 〈µˆ〉ϕ(t)×
(
γBϕ(t)− ω(t)
)
.
P
3
V
3
@GT
Xtﬁ-2./t,)t+2"iWﬀ%ﬂ0%'*2./D,<ﬀ)=1ﬁI46B=G%-JK<ﬀﬁ8)sJﬁﬂ29;%ﬂﬃE=_#aﬁﬂ./ﬃﬂoD0%kj<&7
ﬁﬂL
B0(t) = B0(t)n
j$6DO+x)+ﬃﬂ./Yﬀ!ﬃﬂ2./0%ﬂ2=G X<ﬃ"*L%/O%E2Lﬁﬂ=Gﬁﬂ./0'*2+2=GDB&%
)|ﬃ!L%EB%EﬀLGﬁﬂ./ﬁﬂw+ﬁ59;q)=Gﬁ-ﬁ-hﬁ-%ﬂﬁ_ﬀwﬃﬂ./,%ﬂCSs&%Ewﬃ!9;'3=G)+=Gﬁﬂ=<2ﬀ./,)=

y)<ﬀ<W'3ﬃﬂ+dVaQ"2ﬁ*2ﬁ-%=G=G#$Wj';
ω(t) = γB0(t)
)+6ﬀ!L%EB%EﬀLGﬁﬂ./ﬁﬂ!=G<ﬀﬀ./
n
2ﬁM%kV
X+2ﬁ- 9;q)=ﬁﬂﬁ-hﬁM%E Sϕ Fﬃﬂﬁ-./0'*2%wlﬀ%!+2	 "#<ﬀ&%E)=FLG 〈µˆ〉ϕ(t) VQyﬃ
efﬃ-';ﬃ-%ﬂ)=GﬁM';ﬃ-%FGL
µˆ
ﬀﬁ-%rﬁﬂLGﬀ%CDLG+ﬁ-%/B,%VIQ"ﬀYvlﬃﬂh)+qBj8C&%r+ﬃ 〈µˆ〉 ﬃﬂ<NB%ﬂﬀFq)
H#aLﬃﬂﬁ-hﬁM%E S0 ) 2( I./ﬁ- n ﬃﬂL%ﬂ2ﬃ-%_PZﬁ-2( "##WV 3 V65B0Tj+0%rBFE  HG  	 $I  	KJ
L
 	 
ωL(t) = γ B0(t) .
P
3
V
3
BGT
Q"2 HBCLGﬃ-D,ﬃﬂﬀﬁ-JKﬃ-,)+q(2ﬁ-%I)./>=G)>2(n(ﬃ-2ﬁMJKﬃﬂh)+q
ω0
ﬃI<2D,%ﬂﬃﬂLGC=G+%Eﬀﬁﬂ./
Sh%Eﬃﬂ<ﬀ)=@)ﬁr{!<ﬀﬀ./h)+= P
3
V
3G;
Tjf2JKUﬃ	ﬀx*ﬁ-LGl+qkﬃ-=G)+=Xﬁ #aﬃﬂ=0B=Gﬁq'*&7
ﬁﬂ./q';uefﬃ-=G2ﬀFk)ﬁ!#$B%E2=B%"'*2ﬃ-dVdQy2ﬁ-CﬁM%/+YFGﬃ-lD0%5CdjW[4687
eA+`$ﬃ-20%EBj,<2ﬁ-L!lﬁ3euﬀﬁ-%ﬂﬃE+<2	)+tefC`sJZ=GFLGC<2D,%ﬂﬃﬂLGC=G+%Eﬀﬁﬂ./ ./+ﬁﬂ<7
JK<ﬀﬃ-djsﬀ%g2r)+tﬃﬂﬁﬂ<2#$Ss`+)<2)ﬃ-./=GJKU+ﬃ-%8'3ﬃ->DBGdV+
tH^#$<ﬀ<2
3
V
3
ﬁﬂﬀ
ﬀ2=Gc9;ﬀﬁﬂ`ﬀ<2cJKU+ﬃ+2 HLGﬃ-JKﬃ-,)+q
νL = ωL/(2pi)
FGﬃﬂﬁﬂ./+2+ﬃcn(ﬃ-!#a2+ﬃ
3B     
 
  
  



vl<2+ﬁ-%/oBﬃﬂD
B0 = 1T
)sJK=GJKU+ﬃ-%kV
Q"ﬃgiW)+ﬁ-%/B	2+ﬁun(ﬃ-ﬁ |J,mj〉 oﬃ-%uﬁﬂﬀ./djG'*2;LG#a	#aﬃﬂ&%Eﬁfﬃ-';o0%kj0)+ﬃﬂ./lﬁuef2s7
ﬁ-%ﬂﬃE<ﬀﬀﬁ3<2D0%EﬃﬂLr=%ﬂ2ﬁﬂ./+ ./+ﬁﬂ<&JK<ﬀﬁ;=Gﬀ=G%ﬂﬃ3vlﬃﬂ,)qVsvAUﬃgﬀ"9;ﬃﬂ./s7
,)=5ﬃ3iW&%E,%'*ﬀ./D,<2)=5ﬁgC=G+%Eﬀﬁﬂ./rQy2`$LG<2LG0%Eﬁ 〈µˆ〉(t) ﬁ-l 46=G+%ﬂJK<2
B0(t)
ﬀ+Ls./+JKﬃ-,),%ﬂﬁ ./+ﬁﬂ<&JK<ﬀ
B1(t)
jlﬁ5ﬁﬂ+Dhﬃ-./0%wq)
n
ﬃ-L%Eﬀﬃ-%jdU#$ﬃ-<N=Gﬃ-%V
Q"ﬁ	'3ﬀ%ﬂﬃ-ﬁ-
n⊥
2 euﬀﬀ%EﬁMFGD,%ﬂLGﬃjf'3<ﬀ./ﬃC=GCo[| "##WV
3
V65B#ﬁﬂD,ﬃﬂ./,%B)+J
n
ﬁ-%ﬂ0%)
ω⊥
ﬀ!n!ﬃ-ﬀﬁ-JKﬃﬂ,)q(FLG
B1(t)
jllBxﬀﬁ-%
B1(t) = R(ω⊥tn) n⊥B1.
y+259;'3=)=Gﬁ-=G<22./,)=tﬀ ﬃ-L%EﬀﬃﬂY9;q)=Gﬁ-ﬁ-hﬁ-%ﬂ Sϕ q)xﬃ-l<ﬀ%ﬂdjl#$ﬃ-./+%
rBq)loB./ﬁ-%ylﬁy46=%-JK<22 ﬃﬂL%ﬂ2ﬃﬂ+9;q)=Gﬁ-ﬁ-,%E
Bϕ(t) = B0(t) + R(−ϕt)R(ω⊥tn) n⊥B1
)ﬁﬂ%Eq%ﬀﬁ-ﬁl>ﬀ>2x{!<ﬀﬀ./h)+=xP
3
V
3
@GT
d
dt
〈µˆ〉ϕ (t) = 〈µˆ〉ϕ (t)×
(
γB0(t) + R(−ϕt)R(ω⊥tn) n⊥B1 − ω(t)
)
.

 ﬁﬂLGlBqJZ<ﬀ<2ﬁ-%
ω⊥ = ωL
js)+tﬀ"<2%Eq%E({(<22./,)=5FGﬃﬂﬀ+JZ./0%Iﬁ-2./2C ﬀ%
ωL
ﬃﬂL%ﬂ2ﬃﬂ+9;q)=Gﬁ-ﬁ-hﬁ-%ﬂq)
d
dt
〈µˆ〉ϕ (t) = 〈µˆ〉ϕ (t)× n⊥B1.
P
3
V
3
CT
{!<ﬀﬀ./h)+=}P
3
V
3
CGT1#aﬁE=B%kjgl[Xﬀ ﬃﬂLB%E2ﬃﬂ9;q)=Gﬁ-ﬁ-hﬁ-%ﬂ 〈µˆ〉ϕ (t)
ﬀ%
ω1 = γB1
)
n⊥
`ﬃﬂoq2ﬃ-%kV 8uLG H#$LGﬃﬂﬁMhﬁ-%E )ﬁ(#$%ﬂﬃE./0%E%kjU#$ﬃ-<N=ﬃ-%cﬁﬂ2./@ClB./@+2ﬁ-
LB%/B%ﬂ2LG	ﬀ%3ﬃ3#aﬃﬂ&%EﬁgﬃM'8o+,%ﬂ?fﬃEoqﬁ-ﬁﬂ2Lﬁﬂ#$'3=G)+=	C&%
ω0 = γB0
) ﬀc*2./s7
%E)+=FGLG
B0
V8 "#+#2<ﬀ)=
3
V65B# q2=B%26#a2z*L%EB%EﬀLGﬁﬂ#$'3=)=G ﬁ-./CB%ﬂ2ﬁﬂ./WV
 "##+2<2+)=
3
V 9(qﬀ=%uﬀ*)ﬁu#$2+?fﬃEoqﬁﬂﬁ-2LG+ﬁﬂ#$'3=G)+=Gﬃ-ﬁﬂ)+<ﬀ%Eﬀﬃ-y{(ﬁﬂ%-7
#a';=G)=ﬁyC=G%Eﬀﬁﬂ./xQy2`$LG<2LG0%Eﬁ8ﬀ H#$LGﬃﬂﬁMhﬁ-%ExV

ﬃI+2qﬀ2ﬁ-./=G,)+%ﬂq%ﬂ646=G%Eﬃ-ﬁﬂLlq%ELGLG=Gﬃﬂ`ﬀc<2ﬀ=Gt2(46=G%ﬂJK<2ﬁM%/oﬃ:7
D2 9;ﬃﬂﬀ./tq'*ﬀﬁﬂ./
;
j:5_H~) 9sj
;
H(V{(Co[1vlLGﬃ-C<P
3
V
3
B0Tf#$%Eﬃﬂ=Gt2y0%Eﬁ-`ﬃﬂ7
./+*ﬁﬂLlqJKﬃﬂ,)q
ω0
JKU+ﬃAﬀ;U#$ﬃM'*2=wﬀﬃu4687:9;ﬀ<2=G#)==Gh)s%Eq%ﬂ
BﬁﬂﬁﬂﬃﬂﬁM%ELaDﬃﬂ 4sj6@>#2ﬁ
3
5A4x4 7yqBVŁQcBﬁ_D,)ﬃ-qqﬀ%ﬂ2=GCef2ﬁM%EﬃEB<2Xﬁ1ﬃ-=G
B1
7
vl<2+ﬁI0%"C   ﬀ)!  
 "# %u#q'!V  ,%  .(2ﬃV
 "##+2<2+)=
3
V 9q2=%jfl[@ﬃrefﬃ-';ﬃ-%ﬂ)=GﬁM';ﬃ-%t+ﬁrC=G+%Eﬀﬁﬂ./}Q"ﬀ`aL<2LGC0%Eﬁwq)h7
lo./ﬁM%8`lBﬃE<ﬀ<2<lq)
n
2ﬁ-%3)rlt+)ﬃﬂ./lBﬁ8ef2ﬁM%Eﬃﬂ<2r2ﬁ 7"v7?f)<2ﬁ-ﬁ;ﬁ-`2ﬃﬂ<ﬀJKﬃﬂ2=
 
)

    
3
C
−1
0
1
−1
0
1
−1
0
1
 "##+2<2+)=
3
V 9+    ﬂ#.! 	 ﬀﬂ"ﬃ  !  ! % # ﬃ/"!  ﬃ  	#
µˆ
  ! "#4ﬀ ﬀﬂﬃ  ,%  .(2ﬃ "ﬃ 02
 
ﬃ
 !1ﬃﬃ  "ﬀ.!'ﬀ*0    !$ﬃ  (2(.# 02ﬃ 
B0 = 14B1
"ﬃ 	$.
&
'0 	 !$05DC
 
*

22ef#$xﬁﬂ+Dhﬃ-./0%>q)
n
D,<N``s%kjuﬁﬂLl[@ﬃC "0%E2<IFGLG 〈µˆ〉 `lﬃEB<2<2<8q) n ﬃ-ﬁ-%
=Gﬃ-2=ﬃ	'*2ﬃﬂWjg Fﬃ-ﬁﬂ./0'*2+%)}ﬁ-2./ﬁﬂ./+<22[G+}ﬃC "0%Eﬀ`lﬃﬂ<2<ﬀ<2loﬃ-%kV
Q"ﬃ  ﬀD<
α
q'*2ﬁ-./ 〈µˆ〉 ) n j+ﬃ8ﬁ-LG=Gl0%E  (20 -	/0 # (j,'*2ﬃﬂﬁ-L';LG+<d)ﬃ-./+2
ef2ﬁM%EﬃEB<2lB)ﬃ
tHF
+ﬁy9
3
7:vl<2ﬁjl<ﬀﬁI)./x)ﬃ-./xﬁﬂﬁ-9;%Eﬃﬂ=	#aﬁ-%EﬀC_%k
α = γ
tHF∫
0
B1 (t
′) dt′
P
3
V
3
40T
ef2 7"v7:?f)<2ﬁjﬃf	 y,%ﬂﬀ<+`lﬃﬂ<2<ﬀ<hq)
n
DLG`<2%ﬂ%ŁFﬃ-ﬁﬂ./0'*2+r<2o[%A)	efﬃ-';ﬃ:7
%E)+=Gﬁ-'3ﬃM%8ﬁ;C=G%E2ﬁ-./tQ"2`$LG<2LG0%EﬁA2r+2ef#acﬁﬂD,ﬃﬂ./,%8q)
n
D,<NB``+%kj,2[%
J
; ◦ 7?f)<2ﬁV,eu0%ﬂﬁﬂ`ﬃ-./+,%3C	2+LG``$<&%uﬁﬂLﬁM%/ﬃ-DrLhﬃu<NB=G 7yv7:?f)<ﬀﬁj0ﬃ
xefﬃ-';ﬃ-%ﬂ)=GﬁM';ﬃ-%"ﬁQ"ﬀ`aLG<ﬀCLC,%ﬂﬁI0%Eﬀ`lﬃﬂ<2<ﬀ<$q)
n
D,<N`+`+%kj2
3
4
; ◦ 7?u)+<2ﬁV
 "wﬀﬁ-ﬃfS,%E<ﬀ<23ﬁﬂ+)./wLh./wﬀI{(ﬃﬂG[G $  	  
$ 	  $1G    G  $  
 	ﬂ I2+=GJKU+ﬃ-%k
SAR =
Pabs
mobj
.
P
3
V
3
J0T
Ss2(ﬀﬁ-%I+ﬃ c)L%ﬂ20%)+ﬁ*#ﬁﬂLﬃﬂ#ﬀﬃ-%ﬂﬃ 7yv7"Hﬀﬁ-%ﬂ)=
Pabs
)>ﬃy46ﬁﬂﬁ-!ﬁ*)0%Eﬃﬂﬁ-)./s7
%E ?c# 
-D0%Eﬁ
mobj
V xGﬃrﬀx yqk+<y)+

LhﬃCﬃrvA<2ﬀ`,'*ﬀD<Iﬃ 7"v7?f)<2ﬁ-62ﬁM%kj
2CJKUﬃ1ﬀt "ﬃ-=G)+=ﬁCSs`+2ﬁﬂ1#<2ﬁ';oﬃﬂ2+ﬃ	4687:932<2+=G#)+=Gﬁﬂﬁ-,)qPZﬁV
n!`dV	5sV 90TI)+JA2+xnyGﬃ-`aﬃ2=ﬁ-%ﬂﬃE+<ﬀ%I'3ﬃﬂ+dj$ﬁM%ELCGﬃyﬀﬁ-%y)./ﬃ"Ss "I7 Xﬃ-%kV
vAUﬃ!4ﬁ-./=G2<&%cﬀ=Gﬁ-%ﬂq<2ﬀ./ﬃ(L#aﬃﬂﬃ({!ﬃ-q';ﬃ-%!FGLG
7


Dh=+jdﬃy'8o+ﬃﬂ+2ﬃ
4687:y0%ﬂﬃﬂﬁ-)./,)=ﬀ./0%U#$ﬃ-ﬁﬂ./ﬃ-ﬀ%-%E@';ﬃﬂblﬃMJ:jlxﬁ_ﬁ-LGﬁ-%q)ﬃSs./loB2=G)+=FLG
nyGﬃ-`aﬃﬂ=G';#a5)ﬃ-./x<ﬀLGDO<2ceuﬃM'8oBﬃﬂ1)+=CDBLGC>DOWV
34     
 
  
  



@
%
/
!
.
7
/0.
EF6?72;5<"-

-
1
!%(;$<
1
'")
efﬃ-JZoﬃM%52+C?fﬃ-LG#a	ﬀ 46=G+%ﬂJK<2
B0 = B0n
ﬀ 7"v7?f)<2ﬁjdﬁﬂL';ﬃﬂ2efﬃ-';ﬃ:7
%E)+=Gﬁ-'3ﬃM%E(ﬃ8rB=G%ﬂ2ﬁ-./>Q"ﬀ`aL<2LGC0%Ey<2<ﬀﬃ3n!ﬃﬂc)ﬁ8ﬃI*2./0%E)+=w`lﬃEB<2<2<q)
n
2	ﬀeu#$+yﬁ-D,ﬃﬂ./0%Ilq)C=GD,2``+%V,ef#aﬁﬂL5'*2IJKUﬃurefﬃ-';ﬃ-%ﬂ)=GﬁM';ﬃ-%82ﬁ32s7
q<2_C=G%Eﬀﬁﬂ./_Qy2`$LG<2LG0%Eﬁdﬀﬁ-%+ﬃvA<2ﬀ`0'*2DB<
α
JKUﬃﬀg{!ﬁE_%EC=G%E2ﬁ-2ﬃﬂ)=
2ﬃ-%kjloBC<ﬀ2./<2ﬁ!ﬃ  2+D<gq'*ﬀﬁﬂ./bﬃﬀ./0%E)=xﬃ1{!ﬁE_%EC=G%E2ﬁ-2ﬃﬂ)=
)Cﬁ;{!ﬃ-)C=G+%ﬂJK<2ﬁV  2*#$ﬃﬂﬀ%ﬂﬁ3ﬃ-';o0%8#arﬁ-2./r+2yQ"2`$LG<2LG0%E;q'32ﬃ
n(ﬃﬂ+ﬀ%A0%E==G=Gﬁ-%ﬂq%E
mj
=Gﬃﬂ*)+J:VGQ"2ﬁg=2<ﬀ%Ł)./Cl./2+ 2=ﬁ-%ﬂﬃE+<ﬀ%E
7"v7?f)<2ﬁsB)./2ﬃg'*ﬀﬃﬂt+2"ﬃ-ﬁ-)<ﬀ%ﬂ2ﬃ-+"CD,ﬃﬂLGﬁ-DLG`ﬀﬁﬂ./({!ﬁE%ﬂrB=G%ﬂ2ﬁ-2ﬃ-)=5,)ﬃ
)ﬃ-./XﬀSs`2+ﬁ5+ﬃ-FLGﬃﬂ=ﬃﬂ)sJKdj';<2./=Gro[9;L<ﬀ%EqrBs7 8uﬃ-%ﬂ2<ﬀ)=Cﬃﬂﬁ-`dV^{!<ﬀﬀ./h)+=
P
3
V
3
90T3ﬁ-hC%Eﬃﬂﬀﬁﬂ./>FGﬃ-%E2<&%*ﬁﬂ2+dV
 ")./wJKUﬃA2IBﬁﬂ./<ﬀ2[G+*euﬃ-D,<Noﬃ-)=(ﬃu<NO+B%ﬂ2LGﬁ-C./lﬀﬁﬂ_2ﬁ-%Łﬁfﬀ<ﬀJKﬃﬂ2./djOﬀ
rBDhﬃ-LGﬁﬂDBLG`ﬀﬁﬂ./!4x=G%E2ﬁ-2ﬃﬂ)=
M(t)
2tq';WLGﬃM%ELG=LGl<ﬀ"nLGC`$LG0%Eq)tqﬃﬂ<ﬀ=GdV
Q"ﬃ 
G  
 ﬀ
	   	 "0%E2<
M ‖
2ﬁ-%	`ﬃE<ﬀ<2<;q)
B0
jfﬃ     $
	 $   	> "0%E2<
M⊥
ﬁ-%ﬂ0%
ﬁﬂD,ﬃﬂ./0%c)+J
B0

M(t) = M ‖(t) + M⊥(t)
ﬀ%
M ‖(t) = M(t) cosα n .
P
3
V:5
;
T

 Ss`$qN<&JZ<2<
B = (0, 0, Bz)
=Gﬀ<ﬀ%8C&%
M ‖ = (0, 0,Mz)
)+
M⊥ = (Mx,My, 0)
V

Xﬃﬀqﬀ2ﬁ-./=G,)+%Eq%E4x=G%EﬃﬂﬁﬂLGqC'*ﬀﬃﬂ<2+2=G<ﬀ2./|ﬃ!%EﬃﬂﬁMFGﬃ-ﬁE<ﬀt "0%ﬂ2<
ﬃ46=%ﬂ2ﬁﬂﬀﬃ-)=#a%Eﬀ=%kVdQ")ﬃﬂ./X2	Lh./+JKﬃﬂ,)0%EtL%EB%EﬀLG|C&%
ωL
DO@ﬀﬁﬂﬃ
C&%f0%ﬂﬁﬂ`ﬃ-./>#=Gﬁ-%ﬂ2%ErSh./,'*ﬀ=GD,ﬃﬂ2ﬁ-tC`+JZB=G	'3ﬃﬂ+dVsQc_ﬁ-2./lﬁ;4x[O7
ﬁﬂﬀ=Gl<alﬀ%*)sJA2 8uD0%ELGﬃ*ﬀ%Iq';^nLG`aLG+0%Eﬀ>ﬃ*HﬃEﬁMFGﬃﬂﬁEB<2#$+_q)
B0
ﬃﬂ)qﬀﬃM%*lB%kjlDO+C>lﬁy4x[Gﬃ-=G#+2ﬁ<ﬀﬁIDLG`<2s{(ﬃﬂ[G
M
ﬃﬂﬁM%E<ﬀ<2d
M = Mx + iMy = |M⊥| exp(iφ) . P 3 V:5 3 T
       
	 
9;%rﬁﬂﬀ./ﬀx?uﬃ-LG#$xﬀ 2 h%Eﬃﬂ~ﬁ-%/O%E2ﬁ-./~46=G%ﬂJK<2djfﬁ-LXﬁ-%ﬂﬀ=%r+2ﬃﬂD0%
l./r9;=Gﬀﬃ3ef2ﬁM%EﬃEB<2)+=_2ﬁ 7yv7:?f)<ﬀﬁﬂﬁ3ﬃ3 y0%Eﬀ<ﬃgH^ﬃﬂﬁMFGﬃ-ﬁE<7fB)+JnLGﬁ-%ﬂ
ﬃ HLG=G&%E)ﬀl<ﬀr=%ﬂ2ﬁﬂﬀﬃ-)=(WV 
y./>efcﬁI?f)<2ﬁ-ﬁ8+2%g2H^ﬃﬂﬁMFGﬃ-ﬁE<ﬀrm7
=G%E2ﬁ-2ﬃﬂ)=x'*2+ﬃw#Wj^';oﬃﬂﬁﬂﬀ./+2r)+ﬃﬂﬁﬂ`+ﬃﬂU=<22./+ HLG=G&%E)ﬀl<ﬀr=%ﬂ2ﬁﬂﬀﬃ-)=
    
   	  


3
J
−1000 −500 0 500 1000 1500 2000
−0,8
−0,6
−0,4
−0,2
0,0
0,2
0,4
0,6
0,8
1,0
90◦ 
	
M‖,⊥
M0
M‖/M0 = 1− exp(t/T1)
M⊥/M0 = exp(−t/T2)

M⊥/M0
M‖/M0
t
ms
 "##+2<2+)=
3
V
7
: 0   	"!$()ﬀ,ﬀﬂ"!/!" #ﬃ  	!1ﬃ ( % .#4ﬀ  	#  0 ﬁ ﬀ*02#& (2ﬁ #  0 ﬃ105! .# #&* "0 %
#"
90◦
%   (2ﬃ  0 
T1 = 900
 ﬃ .#ﬀ
T2 = 100
 ﬃ #*
&
 05	5!10 DC
 
*

'*2ﬃŁ+ﬃﬂﬁM%E<2<ﬀ%V932+8?fﬃﬂLGqﬁ-ﬁﬂ*)0%Eﬃﬂ<2ﬀ=G1)0%Eﬃﬂﬁ-./2<2ﬀ./dj./lﬃEBD,%ﬂﬃ-2ﬁ-%ﬂ2ﬁ-./CiW&%-7
DLG+ﬁ-%/B,%ﬂdV
ﬃ 8uﬃﬂ<NB)+JAﬀﬁ-%*ﬁ-./CB%Eﬀﬁﬂ./2> "#+#2<ﬀ)=
3
V
7
lﬃﬂ=ﬁ-%ﬂ<ﬀ<ﬀ%kV

6?-

#
.
;5<
9
#?-B6?;5<F'")0-:'
3
J
7
B(#$ﬁ-./ﬃﬂﬀ#v;V,93<2Lh./   9;<2Lh./
7
B 2ﬁﬂﬁIiW&%ﬂFﬃﬂ<ﬀ%ﬂ`loLCLG<2L=G2ﬁ-./ﬀ	Cl./
2 #al0%ﬂ{(<22./,)=d
dMx
dt
= γ (M ×B)x −
Mx
T2
dMy
dt
= γ (M ×B)y −
My
T2
P
3
V:5G5GT
dMz
dt
= γ (M ×B)z −
M0 −Mz
T1
Q"2{(<22./,)=|0%Eﬁ-`ﬃﬂ./X9;'3=)=Gﬁ-=G<22./,)=G~P
3
V
3
5GTjd+2@<NO+B%ﬂ&7
LGﬁM%Eﬃ- +2q)=GJKU+=%;'*)ﬃ-WVly0%Eﬃ8ﬃ8 "cﬀﬁ8+LGCL=G>46=%-JK<2+ﬁ
B0
2q7:*2./0%E)+=Y)bDBLG`<2+ﬃwSs./+ﬃﬂﬀ#0';2ﬁﬂtFﬃ-2sJZ./ﬁ-2./bﬀ{(<2ﬀ./,)=G P
3
V:5G5GT
q)ﬀ0%EDL``a<ﬀ%ﬂxQ"ﬀaﬃ-0%E2<2=G<ﬀﬀ./h)+=GﬁﬂﬁMhﬁ-%Ex
dM⊥
dt
= −γB0M⊥ − M⊥
T2
dM‖
dt
= −M0 −M‖
T1
.
P
3
V:5A90T
5;
    
 
  
  



{('3#$
T1/ms T2/ms
#$
1,5 T
{(ﬃE)+97y2ﬃ-ﬁﬂ)+#ﬁ-%Eq
920± 160 101± 13
ﬀ[G97yﬀﬃﬂﬁ-)#ﬁ-%Eq
790± 130 92± 22
SsDB<ﬀ%ﬂ%ﬂ1)ﬁ-D<
870± 160 47± 13
vl%-%
260± 70 84± 36
HAB#a<2<2
3
V:5s
T1
%  #ﬀ
T2
%  "() +&  0  #ﬂﬃ%	"0  "#"0 #ﬂ0 "!    
ﬃ
  !  "# ﬀﬂﬃ 3"#ﬂﬃ ﬂ(20 "# 	!1%
-/!1ﬃ

#*
&
  *1  ( ﬁ%*

vAUﬃ(ﬀﬁ-ﬁ_Shhﬁ-%ﬂ<NBﬁﬂﬁﬂ|ﬁﬂ2./@2 v<2<^ﬀﬁ!DLﬁ-%E0%EWj+LGCL=G46=G%ﬂJK<2ﬁ
B0
2cJKL<2=G>ﬁM%/B%ﬂ2ﬁﬂ./+ Hﬁﬂ)=xW
M⊥(t) = M⊥(0) e
(iω0−1/T2)t
M‖(t) = M‖(0) e
−t/T1 +M0
(
1− e−t/T1) . P 3 V65 7 T
Q"2 HGﬁﬂ)+=cﬃA9;<ﬀLs./+ﬁﬂ./{!<ﬀ2./,)+=G5JKUﬃ^+2g<2LG=ﬀ%E)+2lB<2unyLC`$LG,%ﬂ3+ﬃf4x=G7
%Eﬀﬁﬂ2ﬃﬂ)+=t#aﬁﬂ./ﬃ-ﬀ#+%!ﬃ-@*<NmO%E2L6FGLG  "+JZB=Gﬁ-'3ﬃM%
M‖(0)
=G=Gﬀ%E+ﬃﬂ2ﬁ-./
{!<ﬀﬀ./=G'*ﬀ./0%EﬁﬂC=G+%Eﬀﬁﬂﬀﬃﬂ)+=
M0
C&%Iﬃ<ﬀLG=G&%E)+2l<ﬀr<NO+B%ﬂ2LGﬁ-qﬀ%
T1
VlQ"ﬀ HB7
ﬁﬂ)+=_JKUﬃg2*%EﬃﬂﬁMFGﬃ-ﬁE<ﬀcnLGC`$LG0%E
M⊥(t)
#$ﬁ-./ﬃﬂ2#+%I+r./tﬀﬃ 7"v7 "+ﬃﬂ=)=
ﬃMJKLG<2=G@s`aLG+0%Eﬀ<2<ﬀXiWﬃMJZ<2<Rjaﬃ_o)+l=)./X<2ﬁ ﬀ)! "0 "!9  #ﬀ!450 	#ﬂﬃﬁ !%ﬀ5 ( (*PRvA
:Q 
vlﬃﬂ_
).%EﬀLGQ".kk+Ty#aq2./%('*2ﬃ-dVWQy20%Eﬁﬂ`+ﬃﬂ./+CiWﬀ%EDBLGﬁM%/0%E
T2
ﬀﬁ-%c)./
<2ﬁ3%EﬃEBﬁ-Fﬃﬂﬁﬂ<25*<2O+B%EﬀLGﬁﬂq&%I#aDO0%kVl932+iWﬃ-JZ<ﬀ<2ﬁ-DLGﬁM%/0%ﬂ>ﬁﬂﬀJKUﬃI2")0%Eﬃ:7
ﬁﬂ)./0%ﬂ?fﬃﬂL#a(./lBﬃED0%Eﬃﬂﬀﬁ-%Eﬀﬁﬂ./dVlH^#$<ﬀ<2
3
V:51q2=%I%h`ﬀﬁﬂ./_<NO+B%ﬂ2LG+ﬁﬂqﬀ%ﬂtJKUﬃ*)+ﬁﬂ=G7
'8oB<ﬀ%ﬂ5{!';#aﬃ-%ﬂdjﬀ(2>ﬃ 
)ﬃ-LGﬃE+2LG<ﬀLG=G2FGLGx9;)+%ﬂ)=ﬁﬂﬀdV
4x2D,ﬃ-LGﬁﬂDBLG`2ﬁ-./#a%Eﬃﬂ./0%E%!DBG+21*<2O+B%EﬀLGﬁ-`ﬃﬂLGqﬁ-ﬁﬂw)sJ ./+ﬁﬂ<&'*2ﬃ-Dh)+=G|ﬃ
n(ﬃﬂ+1C&%"ﬀﬃﬂﬃ(y#a=G)=q)ﬃﬂU./D,=GJKUﬃM%5'3ﬃ-WVQ"21<NO+B%ﬂ2LGY+ﬃ HLG=ﬀ%E)+2lB<&7
DLG`$LG0%ﬂ
M‖
'*2ﬃﬂ+)ﬃﬂ./|ﬀ1ﬁﬂLG=l+,%ﬂ#
.- 02#ﬂ%  0 1 "!1%3 ﬂﬃ "( /0 !%.#tﬃMFGLGﬃ-=Gﬃ-)s7
JKdj;2Y)+,%ﬂﬃefﬃ-=G2#=0B#aB ﬁ)<22=G+  oﬃ-Cﬃﬂﬁ-ﬃMFGLGﬀﬃj8lBﬁ{!&%ﬂ%Eﬃj32+
U+./DhDBﬃﬀﬀX+ﬃﬂ=%Eﬀﬁﬂ./\#$=GU+ﬁ-%ﬂ2=%ﬂ{!<ﬀﬀ./=G'*ﬀ./0%EﬁﬂC=G+%Eﬀﬁﬂﬀﬃﬂ)+= ﬃﬂG=G<ﬀ2./0%kV
Q")ﬃ-./ ﬀ|%ﬂﬃ-Cﬀﬁﬂ./@9;';=G)=ﬃx4xLG<ﬀD,U<ﬀ|'3ﬃ- l#$!qﬀ%E<ﬀ2./}l)+D,%ﬂ)2ﬃﬂ
46=G+%ﬂJK<2ﬃﬃﬂq)=%j^ﬃﬂSs`aD0%EﬃEB<2DLC`$LG,%ﬂdj^#a #aﬃﬂ2ﬁM%E21)+=xﬃw*ﬁﬂLO7
lqJKﬃﬂh)+qBj #aﬃﬂ=0o+=Gyq'*2ﬁ-./t+>Ss`+2q)ﬁ-%Eot2+)qﬀﬃﬂdV,Q"ﬀ  ﬀﬃﬂﬃﬂﬁ-%ﬂ<7
<2)+=ﬃ HLG=ﬀ%E)+2lB<2C=G%E2ﬁ-2ﬃﬂ)=xﬃMJKLG<2=%lB./ {!<ﬀﬀ./h)+=~P
3
V65
;
Tw)+J!nLGﬁ-%ﬂ}ﬃ
H^ﬃﬂﬁMFGﬃ-ﬁE<ﬀrB=G%ﬂ2ﬁ-2ﬃ-)=V3Q"ﬀYﬁﬂLG=l+,%ﬂ   	@J	  	0J 	  
  
 G  $  
 	
R1 = 1/T1
    
   	  

 5
3
2ﬁM%*l#$ﬀx46[wJKUﬃ*2 #aﬃﬂ=0B=Gﬁ-';ﬃ-ﬁﬂ./2<ﬀ2./DB&%   Ss<ﬀ2./0%Eﬃ 4GJ V
Q"2!*<2O+B%EﬀLGtﬃ*H^ﬃﬂﬁ-Fﬃ-ﬁE<ﬀDLG`aL0%E
M⊥
j+ﬃvA
:Qj+#aﬃﬂ)0%y)+J^ﬀﬃ*Q"`lﬁ-27
ﬃﬂ)+=ﬁISs`ﬀ+ﬁﬂ#<2ﬁ3ﬀrﬃ3HﬃE+ﬁ-FGﬃﬂﬁﬂ<2#ajhJKUﬃ3+2q'3$)0%Eﬃ-ﬁﬂ./ﬀ<ﬀ2./c4x./O7
2ﬁ-C6FGﬃE0%'3LGﬃﬂ<ﬀ2./|ﬁﬂﬀdVWQ"ﬃ(ﬃﬂﬁ-%ﬂw2ﬁM%cﬀﬁﬂL=GlB0%E   	@J  	@J  	ﬁ$ 	    $
2_9;ﬃ-Lm'*+ﬁﬂ./4xL<2D,)<2ﬃﬂ#$'3=)=r+ﬃc?fﬃ-LG#aLG<2DhU+<2!ﬃ-q)+=%cﬁ-./<ﬀ<2 8gﬃﬂ2B%EﬀLG
2<2LGDO<ﬀ|4x=G%ﬂJK<ﬀﬀﬁ 
-+Ss`ﬀﬁ(ﬃ!?fﬃ-LG#aBVQ"ﬀﬁﬂwl)+D,%ﬂ)2ﬃﬂX46=%-JK<&7
ﬃJKUﬃ-}q)}ﬀﬃ "D,D,)1)<2B%EﬀLGq)ﬁﬂoB%Eq<22./+ﬃrﬃ-<2B%E&FGﬃC?flﬁ-}ﬀ eu+ﬁﬂ#<2BV;Q"ﬃ
q'3&%E(4./l+2ﬁﬂ)ﬁ8#$ﬃﬂ)+,%8)+J 
G 
  	  @G HG 	 
  	ﬁ3h%Eﬃﬂ{!ﬃ-)C=G+%-7
JK<ﬀﬁjgﬃMFGLGﬃ-=Gﬃ-)+JK qBV 9"V;)ﬃﬂ./ Sh)ﬁﬂq`+%ﬂ2#ﬀ<2ﬀ%EoB%Eﬁ-U#$ﬃﬂ=Go=G2+ﬃﬂ<2#}+ﬃ?fﬃﬂL#aY)+
2ﬁM%xﬀ {(=GﬁEO%Eq@q)ﬃxSs`ﬀs7MSh`2s7 X./ﬁﬂ<ﬀ'*ﬀﬃﬂD,)=ﬃﬂFGﬃ-ﬁﬂﬀ#a<j8'*2|ﬀz y#ﬁﬂ./+ﬀ%ﬂ% 5sV 9+V
3
)ﬁ-=GJKU+ﬃ-%kV$Q")+ﬃﬂ./6#$ﬀ_4x./2ﬁ-C6DBLGC_%yﬁyﬀ>ﬃy?fﬃﬂLG#$!q)6=ﬃﬂﬀ=JKU=2=G<2LGDOO7
<2y0%Eﬃﬂﬁ-./2ﬃ HBCLGﬃMJKﬃﬂh)+qBjs';ﬁIq)2ﬃ	
yLGﬃ-rB<ﬀFGﬃ-%ﬂ2<ﬀ)=5ﬃISs`2+`lﬁ-
JKUﬃM%kjﬃﬂX9;ﬃﬂﬀ%ﬂw<22+kﬃcﬀ%cﬃiW&%(q)+2%kVQy2w "#+l	ﬃ_?flﬁﬂDLloﬃﬂq
JKUﬃM%82 4ﬀ%ﬂ%ﬂ<U#$ﬃ3lﬁ;=ﬁEB%EcSs`2+ﬁ-1#<ﬀ"q)tﬀﬃ3s`aL0%Eﬀ<ﬀ<2C "#"ﬃ
H^ﬃﬂﬁMFGﬃ-ﬁE<ﬀrB=G%ﬂ2ﬁ-2ﬃ-)=	ﬀ%IﬃI./lﬃﬂD0%Eﬃ-2ﬁM%E2ﬁ-./xaD0%E&FG c)ﬃ-ﬃﬂ<NO+B%ﬂ2LGﬁ-qﬀ%
1
T ∗2
=
1
T2
+
1
T ′2
,
P
3
V:5G@GT
';<2./q)ﬁEBC=ﬁﬂ%Eq%>2ﬁ-%t)ﬁt+ziW&%EDLﬁ-%E0%E
T2
JKUﬃtﬀSs`+2s7:Ss`2h7 ./ﬁ-<&7
'*2ﬃ-Dh)+=>)
T ′2
JKUﬃ(ﬀ	46=%-JK<2+2LCLG=&%/oB%ﬂPKﬁVd y##dV
3
V:@GTVW ")ﬁ(iWﬀ%ﬂDLGs7
ﬁ-%E0%Ebﬃﬂ=G#aﬁﬂﬀ./l+b)./+20%Eﬁ-`ﬃﬂ./+}*<2O+B%EﬀLGﬁ-ﬃEB%ﬂ
R∗2 = 1/T
∗
2 =
R2 +R
′
2
VlQ"ﬃeŁaD0%ﬃySs`ﬀ`lﬁ-2ﬃ-)=	2ﬁM%*ﬀﬃ-ﬀﬃIef0%Eﬃ-LG`ﬀaD0%y)>ﬀ./,%ﬀ%
ﬀ efﬃﬂ=Gﬀk)+ﬁ-%/B)ﬁﬂ./FGﬃ-#)+dV
vAUﬃ8+254687:9;ﬀ<2=#)+=1ﬁﬂﬀ>2(*<2O+B%EﬀLGﬁ-`ﬃﬂLGqﬁ-ﬁﬂcFGL0%Eﬁﬂ./+2+ﬃc9;)s%E)=+j
lcﬁﬂL'3LG<+2*Ss`+2s7:{!&%ﬂ%EﬃM7W<ﬀﬁf)./wﬀ*Ss`ﬀs7MSh`2s7 X./ﬁﬂ<ﬀ'*ﬀﬃﬂD,)=cFLGwﬃf./+2ﬁﬂ./+
y=G#+)=6+ﬃ_n!ﬃﬂC#aﬀ+l)[%5'3ﬃﬂ+dV^Q"2C*<NmO%E2Lﬁﬂqﬀ%ﬂ@ﬁﬂﬀ<ﬀﬁﬂL=G'3#$kB#s7
lo=2=6PZﬁV$H^#dV
3
V:5GT*)+Yﬃ-C=G<2ﬀ./>lﬀ%ﬀ0%Eﬃ-ﬁﬂ./2)+=tFGﬃﬂﬁﬂ./+2+ﬃ5{!';7
#aﬃ-%ﬂdVgef2+xﬁ-LG<2./6y0%Eﬃﬂﬁ-./ﬀ)=bﬀﬁ-%C=G<2ﬀ./djŁl@2#aﬃﬂ./%ﬂ 9;ﬀ<2DBLG0%Eﬃﬂﬁ-%ﬂ
2./0%;h)+ﬃ;FGLGrﬃ;Q"2./0%EFGﬃ-%E2<ﬀ)=wﬃ;ﬃﬂﬁﬂLG0%*=Gﬃﬂ=%En(ﬃﬂ+(#loB=GWjsﬁ-LGﬃﬂ
)./1FLGwﬃfSs2=G<2ﬁM%/oﬃ-DgﬃŁ=ﬁﬂﬁ-	H^ﬃﬂﬁ-Fﬃ-ﬁE<ﬀr=%ﬂ2ﬁﬂﬀﬃ-)=jO23ﬁﬂﬀ./	)ﬁA+
<NO+B%ﬂ2LG+ﬁﬂqﬀ%ﬂ1)+w	=G'8o+<ﬀ%E4x[`lﬃEBC%Eﬃ-wﬃ-=G2#+%IPZﬁ-2+8lq) y#ﬁﬂ./+ﬀ%-% 5GTV

ﬁﬂ#$ﬁ-LGﬃﬂﬀ 8uﬃ-ﬁﬂ./ﬀ#)+=6ﬃ HLGﬃMJKﬃﬂ,)qw)ﬃ-./<ﬀLGDO<2w46=G%ﬂJK<2ﬀLGLB7
=G+ﬀ%/oO%E	DO<ﬀ<2ﬃﬂﬀ=GﬁŁB)./Cq)C+=0B%ﬂﬀF	 ")ﬁM'*2ﬃ-Dh)+=GC2wﬃg9;2<ﬀ,)l<2&%/oB%JKU+ﬃﬂWV
 "#ﬁ-./&%ﬂ%(5sV
7
=0%loﬃﬃE)sJA2dV
5G5     
 
  
  



3
j
;
;
j 4
;
j B
;
j:5
;
j
;
;
j
7
; 7 ; ;
B
;?;
4
;?;
5
; ;
 
\i T(y1u
exp(−t/T2)
exp(−t/T ′2)
exp(−t/T ∗2 )
M
⊥/
M
0
 "##+2<2+)=
3
V:@s  "0  "#4 /05 *(.#ﬀﬂ!ﬂ! #ﬂﬃ   "!$ﬃ" ( #	502ﬃ10 "! .#      #*3"0 #" '5C ◦ %
 .(2ﬃ

'05   50     !1! ()	+ﬂ50 	#ﬃ% 0 
T ∗2 ﬃ
ﬃ  4' ﬃ ﬀ"#  	-  #"#4 #
T2
 #ﬀ
T ′2
2ﬂ0 "!
T2 =
) CC  ﬃ
 T ′2 =
 
CC  ﬃ 

# 
&
   ﬀ"#ﬀ*0 ﬃ  "($' *
   	ﬁ  
   
       
 2*2 FGLGﬃ-2=Gtn!`&%E<lﬃ-';o0%kjhﬁ-%ﬂ./D0%Iﬀ*C2q2ﬀﬁﬂ./ﬃﬂ<ﬀFB0%E
+JKLGﬃ-rO%E2Ldjﬀy#$
ﬃ34687HLGLG=Gﬃﬂ`ﬀ82	t9;ﬀ<2DBLG0%EﬃEBﬁ-%u)=Gﬁ-%ﬂq%g'*2ﬃﬂWjGﬀﬃ-ﬁﬂ&%Eﬁu2	ﬃ;Qy2./0%EFGﬃ:7
%E2<2)+=!ﬃuJKUﬃu29;ﬀ<2=#)+=5=,)+%Eq%En(ﬃﬂ+
ρ(r)
jh+ﬃﬂﬃﬂﬁ-ﬀ%ﬂﬁ3ﬀC+t*<2O+B%EﬀLGﬁ:7
qﬀ%E	ﬃ/HLG=ﬀ%E)+2lB<&7a)	HﬃEﬁMFGﬃﬂﬁEB<2C=G%E2ﬁ-2ﬃﬂ)=
T1
)
T2
#+q'!V
T ∗2
VG y)+JK=Gﬃﬂ)+
2ﬃ-ﬃ 7yo)+l=D&%!2Y#+2LG<ﬀLG=G2ﬁ-./ {('3#$wﬁﬂ2+@#aŁﬀwn(ﬃﬂ+wﬃ Xﬁﬂﬁ-ﬃ-ﬁ-%ELBdB%ﬂLG
1H
JKUﬃIﬀ5+2qﬀ2ﬁ-./ 
)+%Eq)=ﬃ 	@J  G4xAHzFLGx#$ﬁ-LGﬃﬂﬃ"9;)s%E)=+V
y 2w
+JKLﬃﬂCB%EﬀLG)ﬁ!
c4xI7:Ss2=G<Ł<ﬀ<2ﬃﬂﬀ=Gﬁ"ﬀ|2@Sh./ﬀ%-%E#ﬀ<2)ﬁﬂ%EqXq)
DG+djf)[|q)ﬁﬂoB%Eq<22./q) D,<Nﬁ-ﬁﬂﬀﬁﬂ./ 
"46I7eA+`$ﬃ-20%	ﬀq)+ﬁEoB%ﬂq<2ﬀ./?cﬃ-%ﬂﬁﬂDLO7
2ﬃﬂ)+=ﬀ<2<ﬀﬃ-)ﬃﬂ2./0%ﬂ)=G>FLGﬃﬂ=LG';ﬃﬂdV
ﬃ 	 
       
Q"2r4xﬁﬂﬁﬂ)+=Yﬃ_HﬃE+ﬁ-FGﬃﬂﬁﬂ<2C=G%Eﬀﬁﬂ2ﬃﬂ)+=
M⊥
jﬀC)+2*2./0%E)+=6ﬁ1o)[ﬃﬂ
46=G+%ﬂJK<2ﬁ
B0 = B0n
ﬃﬂL%ﬂ2ﬃ-%kjfﬁM%E<2<ﬀ%CﬀY{(ﬃﬂ)+<N=>JKU+ﬃrﬀxﬀﬁ-%E~4687 y0';s7
)=dj2+ﬁﬂ#$ﬁﬂLﬃ-Cﬀ|ﬃ5n(ﬃ-ﬁﬂ`ﬀ0%ELGLG=Gﬃﬂ`ﬀjWﬃV
v<ﬀ<Łﬃ!JKﬃ-ﬀ@<NO+B%ﬂ&7
LGX'*ﬀﬃﬂﬃ1
)+D,%ﬂ2LG+ﬁﬂqﬃ-JZ<ﬀ<;B#=G%Eﬁ-%ﬂ%VŁQ"ﬀtQ"%ED0%ﬂ2LGbﬁ1DLC`<ﬀs4xI7:Ss2=G<2ﬁ
ﬃMJKLG<2=%	+)ﬃﬂ./}q';y=DL``a<ﬀ%ﬂ6Sh`)<2ﬀ%wJKﬁ-%Eﬃr?flBﬁﬂ,#$q2,)+=V8QcBﬁCﬀ%
ω0
LB7
)<ﬀ2ﬃM%ESsﬀ=Gl<8PZﬁV y##dV
3
V
7
Ty'*ﬀﬃﬂ|q)o./ﬁ-%_FGﬃﬂﬁ-%EoﬃﬂD0%_)ﬁ-./<2ﬀ[Gﬀ%-%E<2ﬁc2ﬁ
c)lﬃﬂB%E)ﬃ-Lh)<NO%ELGﬃ-ﬁ8C&%*ﬃIHLGﬃ-JKﬃ-,)q_+Ls)+<22ﬃ-%j+ﬁﬂLCl[	2 
k<&JZ<2<a,)ﬃ
2 7yU<ﬀ<2D,)ﬃMFG8ﬁgSs2=l<2qﬃMJZ<2<ﬀﬁU+#ﬃﬂﬀ=c#<22#+%Vm
  y<2<2=2+ﬀﬁ-%Alﬁu{(ﬃﬂ)+rB=G%-JK<ﬀ
5A9
57
 '   )

9
  

"

     

-Lh./2./0%u2+k<+LGCL=G	)ﬀ*n!ﬃﬂﬁ-`2+ﬁg`+ﬃEoqﬀﬃﬂC+ﬁﬂ<2#C)./2./0%3<ﬀ<2;ﬀ%
ω0
jlﬁﬂLl[ﬁﬂﬀ52!q)ﬁEoB%ﬂq<ﬀ2./BjlLGﬃ-%ﬂﬁE#o=Gﬀ=G!?flﬁﬂ_D,D,)1)<ﬀ2ﬃﬂWVQcﬀ%8'3ﬀﬁ-%")./
lﬁ*4[Gﬁ-2=GlB<a2ys`<2ﬀq&%E ?cﬃM%EﬁEB#lo=2=GDBﬀ%;)+J:V+efﬁ8DO2#8uﬃEB<2<2=2+ﬃﬂ)+=5FLG
{!<ﬀﬀ./h)+=P
3
V:5
7
T3JKL<2=Gﬃ-rB[G=Gﬁﬂ./ﬃ-2#ax'3ﬃﬂ+d
S(r, t) ∝ |M⊥(r, 0)| exp(i φ(r, t)) exp
(
− t
T2
)
.
P 5sV
3
T
Qc#$d#$qﬀ./%ﬃ?uﬁﬂ+JZD0%ELGﬃ
φ(r, t)
+2(LGﬃM%EﬁEB#lo=2=G(?flBﬁﬂjl+2(U#$ﬃIﬀ5iW&%
=GﬁE<ﬀ%3'*2ﬃ-dV4x&%
B(r, t) = B0 + ∆B(r, t)
=Gﬀ<ﬀ%k
φ(r, t) =
∫ t
0
ω(r, t) dt′ = ω0t+ γ
∫ t
0
∆B(r, t) dt′
P 5sV65T
Q"25?flﬁ-1)+ﬁyﬃ(Hﬃ-CLﬃﬂ`ﬃﬂoqﬁﬂﬁﬂﬀLG
φ0 = ω0t
JZo<ﬀ<ﬀ%Iﬀ Lh)<2ﬀﬃM%ExSsﬀ=Gl<d'3=+V$

eA+`$ﬃ-20%5'*2ﬃﬂ@lﬁ5ﬀ%ﬂ%ﬂ<2ﬃﬂSsﬀ=Gl<fﬀ?fﬃﬂLG#$0FGL<2)
V
=GCﬁﬂﬁﬂdjﬁﬂL6[6ﬀﬃ
efC`+JZB=Gﬁﬂﬁ-`)<ﬀ(lﬁ*
0%E=ﬃE<U#$ﬃ*ﬀ(H^ﬃﬂﬁMFGﬃ-ﬁE<ﬀrB=G%ﬂ2ﬁ-2ﬃ-)=	%ED0%ﬂ2ﬃM%*'*2ﬃﬂW
S(r, t) = S0
∫
V
|M⊥(r, 0)| exp(i φ(r, t)) dr3 exp
(
− t
T2
)
P 5sV:9GT
 252JKLG<ﬀ=G+6n5B`ﬀ%ﬂ<loﬃ"#$ﬁ-./ﬃﬂﬀ#$dj$'*2ﬃﬂ625 "#o=Gﬀ=GDﬀ%yﬁ!4xI7:Ss2=G<2ﬁ
FGLG <2LDBB<2146=G+%ﬂJK<21ﬀ1ﬃu4687HLGCL=GﬃE`+2uJKUﬃA+2 ?cﬃ-%ﬂﬁﬂDBLsﬀﬃ-)=cﬁgSs2=l<2ﬁ=G7
,)+%Eq%kVOefﬁ^'3ﬃﬂ+1lBq)+ {(ﬃﬂ)+r=%-JK<25ﬁﬂL=GlB0%E;{!ﬃﬂ20%EsJK<2+ﬃU#$ﬃﬂ<2=Gﬃ-%kj
2"<22+kﬃgFGLG ?cﬃM%#lo+=GdVQ"2ﬁﬂ! "#o=Gﬀ=GDﬀ%IDO 
-Ls./x)./>q)x yﬃ-%EJZD0%Eﬀ
9;2<ﬀﬃ-bJKUﬃﬂdV;iW)ﬃnyLGﬃ-ﬃﬂD0%ﬂ)ﬃC+ﬃr yﬃ-%ﬂJZD0%EﬁﬂL<2<222ﬁﬂﬃ "ﬃ-#aﬀ% 8uﬃMJZﬃ-
0%'*2./DB<&%'3ﬃ-Wjaﬀ(2n!`&%E< 5sV
7
ﬃﬂ<2o)+%Eﬃ-%*ﬁ-2dV
ﬃ ﬃ       	 "  
 2wﬀ FGLGﬃ-2=GXn!`+ﬀ%E<Ł#$ﬃﬂﬀ%ﬂﬁ5ﬃ-';o0%'*ﬀﬃﬂ@2wH^B%ﬂﬁE./Bj^[xﬁ14xI7:Ss2=G<Ł)sJN7
=Gﬃﬂ)+ﬃﬂo)<2ﬀ./ﬃ546B=G%-JK<ﬀ2+LGCL=G&%/oB%ﬂYLﬃ-%Eﬁﬂ#loB=G2='*ﬀﬃﬂdjdJKUﬃ!ﬀ ?(ﬃM%Eﬁ-DLh27
ﬃﬂ)+==,)+%Eq%kVQ"{!ﬃ-)C=G+%ﬂJK<2djh';<2./ﬁyG=G<ﬀ2./ﬁM%ILGLG=Gﬁﬂ2ﬁﬂLG<ﬀ<ﬀ%EBjs'3ﬃ-
q)ﬁﬂoB%Eq<2ﬀ./y46=G%ﬂJK<2ﬃgU+#aﬃﬂ<NB=GﬃM%kjGﬀ*2	ﬀﬃg)ﬃﬂ2./0%ﬂ)=!<2ﬀkﬃŁFLG ?(ﬃM%3#loh7
=GWj2uﬁﬂL=GlB0%Ew{!ﬃﬂ20%EsJK<2+ﬃVmQy2 ?cﬃ-%Eﬁ-2+JKLﬃﬂCB%EﬀLG(<2ﬀJKﬃM%2ulB)ﬃﬂ./_LGﬃ-%ﬂﬁE#h7
lo=2=G;?uﬁﬂ*)+ﬁg{!<ﬀ2./,)+=	P 5sV:5GTVG9;ﬃA)+%ﬂ8FGﬃ-'3%Eﬁ5Q7vL)ﬃﬂﬀﬃM79;2<ﬀ=G#)=
ﬃMJKLG<2=%xﬀ ?cﬃ-%ﬂﬁﬂDBLsﬀﬃ-)=~2zﬃﬂwSs./+ﬃﬂﬀ%-%Edj"ﬀ<ﬀﬁSs./+2./0%Eﬁ-<2D0%E2Ldjc?flﬁ-s7)
vlﬃﬂ,)qDBLs+2ﬃ-)=C#aqﬀ./%"'3ﬃﬂ+dVaef2 8gﬃ-N0%E(FLG6#$ﬁ-LGﬃﬂﬃ"9;+)+%ﬂ)=jﬀ
ef./LB7:?f<2lﬃ:7:9;ﬀ<2=G#)=PReu?f
MTj'*2ﬃ->2n!`ﬀ%ﬂ< 5hV65sV:@1#aﬁﬂ./ﬃ-2#adV
)
)


 
 

    5A@
)  ) C  ﬁﬀﬂ(ﬀﬁﬀﬂ #K./%

.ﬂ(

bﬃwHLGLG=Gﬃﬂ`ﬀj';GﬃM%E<ﬀ2./Ss./+ﬀ%-%E#ﬀ<2=G#)=+jA2ﬁM%1Cb2X2ﬁM%EvŁo<2<ﬀX
q'3ﬀ2ﬁ-2LG<2 Ss./&%ﬂ%E#+2<2+ﬃﬂ~+)ﬃﬂ./zlﬁ#ﬀLG<2LG=2ﬁﬂ./+|{!';#a@20%ﬂﬃﬂﬁﬂﬁ-2ﬃM%kVIQ"
2ﬁM%	ﬁ =Uﬁ-%ﬂ2=GﬁM%Edjflﬁ 8uﬃMJZﬃ- )+Jyq'3Q"2+ﬁﬂ2Lq)#$ﬁﬂ./+ﬃEoDBdjg2+
rBw)ﬃﬂ./ﬀILGﬃM%EﬁEB#lo=2=G 8uﬃﬂﬁﬂ./+2#+)=5ﬃ HLGﬃ-JKﬃ-,)+qIh)+ﬃg+2In(ﬃ-)ﬁuﬃ
20%Eﬃﬂﬁﬂﬁﬂﬀﬃ-Ss./+2./0%cBﬃﬂ=%kV
Q"2ﬁ;ﬃﬂﬃﬂ2./0%ICdjh2+ rBr ﬁM%/B%ﬂ2ﬁﬂ./+x46=G+%ﬂJK<2
B0
'8oBﬃﬂ>ﬁ 7yv7:?f)<ﬀﬁﬂﬁ
ﬀﬁ-LG=Gl0%Eﬁ     ﬀ
 	  	+I 	 ﬀ
G
∆B(r) = G r
P 5sV
7
T
U#$ﬃﬂ<2=Gﬃ-%kV+Qcﬁ{(ﬃE+20%ﬂ+JK<2ﬃ-=G2#s%Iﬁﬂﬀ./xB)ﬁI?uﬃ-Ls+)D0%*ﬃ{(ﬃE+20%ﬂCB%Eﬃ-&
G
)Y+ ?(ﬃM%EﬁMFGD0%ﬂLGﬃ
r
V Xﬀ1{(ﬃE+20%ﬂCB%Eﬃ-&
G(r, t) = (∂Bk(r, t)/∂rl)k,l=1,2,3
j
'*2(ﬀ #$%ﬂﬃE./0%E%EYv<2<Rj0FGLG
r
)l#o=Gﬀ=w2ﬁ-%jlo+=%*lﬁ{(ﬃE+20%ﬂ+JK<2<2ﬀkBﬃ3FGL
?cﬃ-%"#dVaQcCJKUﬃy2 8uﬃﬂﬁ-./2#)=+ﬃ HLGﬃMJKﬃﬂ,)q,)ﬃ"ﬃy "0%E2<FGLG
∆B
`lﬃﬂ<2<ﬀ<
q)
B0 = B0n
20%Eﬃﬂﬁ-ﬁﬂﬀﬃ-%ja'3ﬃ-|lo)sl=,)ﬃcﬀ1?fﬃﬂL 
-D0%E2Lﬃ8uD0%ELﬃﬂ=Gﬃ-G[GY)+J
n
#$%ﬂﬃE./0%E%kV
 vlLG<ﬀ=G+>ﬁﬂ
g := Gtn .
P 5hV6@GT

y#a} {(ﬃEﬀ0%E+JK<ﬀ '*ﬀﬃﬂ+ {!ﬃ-)C=G+%ﬂJK<2)./}Lh./}2q)ﬁEoO%Eq<ﬀ2./ﬁ
LGLG=Gﬁy46=%-JK<2
BS
U#$ﬃﬂ<2=Gﬃ-%kj+ﬁﬂLl[	2 HLGﬃMJKﬃﬂ,)q
ωL(r) = γ(B0 +BS + g · r)
,)ﬃ*2ﬃﬀ0%Eﬃ-ﬁ-ﬁﬂ2ﬃﬂYSs./ﬀ./,%ﬀ%I+ﬃvlﬃﬂ,)q!ﬁ "+ﬃﬂ=)=Gﬁ-`)<2ﬁ-ﬁ
ωHF
U#$ﬃ:7
ﬀﬁ-%ﬂ2%(),)ﬃ_+LGﬃ-%5ﬀrSh`2ﬁ5+=Gﬃ-=%!'3ﬃﬂ+DBGdVAQy2H=G	2ﬁﬂﬃ1Ss./+2./0%
ﬃ-=G2#+%*ﬁ-2./)ﬃ-./xﬀ!ef#a=<2ﬀ./,)=
g · r = 1
γ
ωHF − B0 − BS = BS .
Q"2!ef#$5<2ﬀ=%8ﬁﬂ+Dhﬃ-./0%cq)
g
)+xDO)ﬃ-./x+2 X<dFGL
BS
`lﬃEB<2<2<aFﬃﬂﬁ-./LG#$
';ﬃﬂdVQ"ﬀwSs./+2./0%Eﬀ./D
d
loB=%(B#6FGLG 9;%EﬃEB=rFGLG
g
)+YFGLG+ﬃc9;#ﬃ-&%E
∆ω
ﬁ 7yv7:?f)<ﬀﬁﬂﬁVnyLG+Dhﬃ-%=Gﬀ<ﬀ%
d =
1
γ|g|∆ω .

ﬃ1?fﬃEOsﬀﬁ_'*2ﬃ-XﬀSs./+2./0%Eﬀ./DU#+<22./+ﬃ-'3ﬀﬁﬂCU#aﬃb9;%EﬃEB=YﬁﬁﬂLG=Gl0%ﬂ
   ﬂ   ﬁ$      
   ﬀ
 	  	>FBﬃﬂﬀ2ﬃ-%kV
5AB  '   )

9
  

"

     
)  )  ) . ﬂ(.&!ﬂ $ -(ﬀ"! +,% ﬂ('

"./+ )ﬃ-./bﬁﬂ./ﬀ./0%Eﬁﬂ<2D,%ﬂﬀFt "ﬃ-=G)+=Y,)ﬃ52ﬃﬂlB<2#X+ﬃ_#q)+#2<ﬀ+Ss./+2./0%
ﬀ%EﬃﬂﬁMFGﬃ-ﬁE<ﬀ	46=%ﬂ2ﬁﬂﬀﬃ-)=Gﬁ-DLG`aL0%Ewﬃﬂq)=%('*)+ﬃﬂBjd#<22#+%"Lh./2wnLs+27
ﬃﬂ)+=6ﬃ#$2+vlﬃ-2+ﬀ%ﬂﬁﬂ=Gﬃﬂ	2+ﬃ-l<2#@ﬀﬁﬂﬃwSs./+2./0%kj2 JKLG<ﬀ=G+X<2ﬁ(,7c)+X07
nyLhLGﬃﬂ+2lB%ﬂy#$qﬀ./%VliW)ﬃ ?cﬃ-%Eﬁ-DLh2ﬃﬂ)+=w2+ﬃ;+ﬃ8#$ﬀnLsLﬃﬂﬀlB%Edj,2ﬃ3js'*2ﬃ-
q)o./ﬁ-%82yﬁﬂLG=Gl0%ﬂ(?flﬁﬂDLhﬀﬃﬂ)+=	ﬃ846=G%Eﬀﬁﬂ2ﬃﬂ)+=12+ﬃﬂ<2#Cﬃ;=Gﬃﬂ=O7
%EtSs./+2./0%3FLGﬃﬂ=LGdjGﬀ ﬁﬂD,ﬃﬂ./0%;q)r+2ﬁ-ﬃ3Ss./ﬀ./0%3q'*2ﬁ-./t yﬃﬂ=G)=ﬁﬂ`)<ﬀﬁ
)QcB%ﬂl)+ﬁﬂ<2ﬁﬂ	JKUﬃ!2	Q")ﬃ
tph
2'3ﬀ%ﬂﬃ-ﬃ{!ﬃﬂ20%kjdﬃ     $ 	 5G ﬀ
 	 
   ﬀ
 	 
gph(y)
j=ﬁﬂ./<ﬀ%ﬂ%u'*2ﬃ-djﬃuC?fﬃﬂLG#$DBﬃ-C2+Lﬃ-%Eﬁﬂ#loB=G2=I?fﬃEoqﬁﬂﬁ-2LG+ﬁ-JKﬃﬂ,)q
ω(y) = γ (B0 + gph y)
P 5sV B0T
)+JK`ﬃﬂo=%V9;D8uﬃ-l./<2oﬁﬂﬁ-2=G)+=rFGLGY<NO+B%ﬂ2LGﬁ-aD0%EYﬁEBC<&%*246=G+%Eﬀﬁﬂﬀﬃﬂ)+=
l)+ﬃﬂ./2>ﬃyiWﬀ%
tph
2+207:*2./0%E)+=Lﬃ-%Eﬁﬂ#loB=G2=?flﬁﬂ+JZD0%ELﬃ
M⊥(r, t) = |M⊥(r, 0)| exp[i φ(r, t)] = |M⊥(r, 0)| exp
(
iγ
∫ tph
0
gph(t
′) y dt′
)
P 5sV6CT
dVmQc23Ss./<ﬀ%ﬂ)="+ﬁŁ?flBﬁﬂ+DLh2ﬃﬂ=Gﬃﬂ20%E5FGLGﬃﬃAQcO%E)+JKl+CgﬃMJKLG<2=%j<2ﬀ=%
2ﬃ?uﬃ-LG#$ﬁ-./2./0%c#$ﬃ-&%Eﬁ8FGLﬃ+ﬃ* ")ﬁ-<2ﬁﬂ52+!?uﬁﬂ,FﬃM%Eﬀ<2)+=CFGLﬃV
)  )  I+K!	A %(!ﬂﬃ $ -(ﬀ"! +K%(ﬂ('
Q"25nLsﬀﬃ-)=	ﬃ*<ﬀ%Eq%ExFGﬃﬂ#<ﬀ2#axﬀ./0%E)=+j$+ﬃ8,7:nyLhLGﬃ-2lO%Ejs'*2ﬃﬂxlB<2LG=wq)ﬃ
?flﬁﬂDLhﬀﬃﬂ)+=P 5sV:BGTI+)ﬃﬂ./xlﬁySs./l<&%E6ﬀﬁI'3&%Eﬃ-Y{!ﬃﬂ20%EsJK<2+ﬁjﬁyﬁ-LG=G7
l0%ﬂ   	
L
 	 5G ﬀ
 	 
   ﬀ
 	  	
gfreq(x)
jŁﬃﬂﬃ-2./0%VfQcﬃ	vlﬃ-,)+qDLhﬀﬃﬂ=ﬃEﬀ0%
'8oBﬃﬂ +ﬃCSs2=l<NB)ﬁﬂ<ﬀﬁﬂr2+=Gﬁ-./l<ﬀ%ﬂ%	'*2ﬃ-djA'*ﬀﬃﬂﬃ	)+./}<ﬀﬁ  %$ 	 $ 	ﬂ
   ﬀ
 	 _#a7
q2./%kVQ"ﬀ5?uﬁﬂ5ﬃy46B=G%ﬂ2ﬁ-2ﬃ-)=j+2!#ﬀﬁIq)iWﬀ%E`+)D0%*ﬃyQcB%ﬂlBDh,)ﬀﬁﬂ&%E2L
tacq
)sJK=Gﬃﬂ)+>FLG
gfreq(x)
)+>)0%Eﬃ 8uﬃ-l./<2oﬁﬂﬁ-2=G)+=wFGLGx<NO+B%ﬂ2LG+ﬁﬂaD0%ﬂ=G7
ﬁE<ﬀ%3'*2ﬃ-dj2ﬁM%*ﬁﬂL'3LG<LGﬃ-%ﬂﬁM73<ﬀﬁ*)./qﬀ%/B#lo=2=
M⊥(r, t) = |M⊥(r, 0)| exp[i φ(r, t)] = |M⊥(r, 0)| exp
(
iγ
∫ tacq
0
gfreq(t
′) x dt′
)
.
P 5sV:4GT
Qcﬁ!ﬀ%5?flﬁ-s7")Xvﬃ-,)qDBLsﬀﬃ-)=6ﬀ+ﬃ!ﬁﬂ<2D0%ﬂ2ﬃM%EbSs./ﬀ./0%ﬃﬂq)=%ﬂSsﬀ=Gl<
'*2ﬃ-6l./6ﬃ"QcB%El)+JK1lB<ﬀhﬁﬂﬀﬃ-%y)626q';2ﬀCﬁﬂﬀLGl<ﬀ_Ss./&%ﬂ%E#+2<2+ﬃ)	7
=G';+<ﬀ%V
)
)


 
 

    5AC
)  )  E @ ﬀ"ﬃ-I+,! $/ﬂ # +,%  #&ﬀ$/ﬂ
Qcﬁ 5Q7LGﬃ-%ﬂﬁﬂDBLsﬀﬃM%ESsﬀ=Gl<^2+ﬃ5Ss./ﬀ./0%<2o[%(ﬁ-2./|=GCo[{(<22./,)=P 5hV:90TjuP 5hV6CGT")+
P 5sV 40T;)0%ﬂﬃ 8uﬃ-l./<2oﬁﬂﬁ-2=G)+=FLG6*<2O+B%EﬀLGﬁ-`ﬃﬂLGqﬁ-ﬁﬂx<ﬀﬁ
S(g, t) = S0
∫∫
schicht
|M⊥(r, 0)| exp
[
iγ
(∫ tph
0
gph(t
′) y dt′ +
∫ tacq
0
gfreq(t
′) x dt′
)]
dx dy
P 5sV J0T
ﬁﬂ./ﬃ-ﬀ#adV
S0
2ﬁM%Iﬀ
yLGﬃ-Cﬀﬃ-)=GﬁMJZD0%ELGﬃVsQy2ﬁ-5Ss2=l<2=<2ﬀ./,)=<2o[%3ﬁﬂﬀ./tFGﬃ-ﬀ+JZ./dj
2+ +2()ﬃ-./6?flBﬁﬂh7g)xvﬃ-,)qDBLsﬀﬃ-)=	FBﬃﬂ2ﬀﬃM%Es`aﬃﬂ20%ﬂ<2<ﬀ>?^ﬃE7
%Eﬃ
tph, tacq, gph
)
gfreq
)+ﬃﬂ./ <ﬀ<2+qk<ﬀ
(kfreq, kph)
#+q'!V
(kx, ky)
#$ﬁ-./ﬃﬂﬀ#$1'3ﬃ:7
Wj+ﬀyq)ﬁEtﬀ%g?(ﬃM%Eﬁ-DLhLGﬃﬂﬀlB%ﬂtvlLG)+ﬃﬂ2ﬃﬂ`lﬃﬂ#2<ﬀWVsQ"C&%;<2o[%gﬁﬂﬀ./tﬀ
QcB%ﬂlD,,)ﬀﬁﬂﬀ%ﬂ2LGx<ﬀﬁ =r2 )ﬃ-./Yﬀ <ﬀ<2+qk<ﬀx)+JK=Gﬁﬂ`lB0%E X<2<2qkB<&7
ﬃE)+ 20%Eﬃﬂ`ﬃ-%ﬂ2ﬃ-dV
Cﬃ346I79;2<ﬀ=G#)=c'*ﬀﬃﬂ	2ﬁﬂﬃ3)jGB<2ﬁu?^l0%3q) ?(ﬃM%Eﬁ:7
ﬃE)+xjlﬀﬁ-%y<2ﬁ  J    #$qﬀ./%VW93%Eﬃﬂ./0%E%(rBx6qﬀ%E#loB=G2=X<2<2qkB<&7
Ls+ﬃ(?(ﬃM%EﬁMJKﬃﬂ,)qFD0%ELﬃ
k(t) = (kx(t), ky(t))
j$ﬁﬂﬁﬂ|nyLG`$LG0%ﬂ6+)ﬃﬂ./Y+25vA<NoB./
)0%Eﬃ+ﬃy{!ﬃﬂﬀ0%-7:iWﬀ%M7:n()ﬃMFGc=G=G#$ﬁﬂﬀdjlﬁ-Lﬀﬁ-%*q)ﬃyiWﬀ%
t
l./ﬃ 7yv7 yﬃﬂ=G)=
kx(t) = γ
∫ t
0
gfreq(t
′) dt′
ky(t) = γ
∫ t
0
gph(t
′) dt′ .
P 5sV
3G;
T
Q"2I+)ﬃﬂ./C2{(<22./,)=GYP 5sV
3G;
T^ﬀ DG7:) `ﬃE%ﬂﬃﬂﬀﬁﬂ2ﬃ-%ﬂIn()ﬃ-F*'*ﬀﬃﬂC<2ﬁfDG7y)+	7
 "#+%Eﬁ-%ﬂﬁﬂ./rt+ﬃc932<2+=G#)+=Gﬁ-%ﬂ./+2DFGﬃ-'3%CPZﬁVW "#+#dV 5hV65GT aﬁ"
0%E=GﬃEB<^ﬀﬁ-%")./
<2ﬁ   	  	 $  G  	  ﬀ 	 $    	 I 	 ﬀ
   ﬀ
 	  	#$DO+,%V0Qcﬀ%^<NoB[%Łﬁ-2./wlﬁA%ﬂD0%Eﬀﬃ-%ﬂ
Ss2=l<*)ﬁr{(<2ﬀ./,)= P 5sV J0T	<2ﬁ5BQ7:vlLG)ﬃ-2ﬃ-%EﬃﬂﬁMJKLGﬃﬂ2ﬃ-%ErﬃH^ﬃﬂﬁMFGﬃ-ﬁE<ﬀrB=G%ﬂ2ﬁ-27
ﬃﬂ)+=ﬀ ﬃ-L%Eﬀﬃﬂ69;q)=ﬁﬂﬁ-hﬁM%Eﬁﬂ./+ﬃﬂﬀ#ad
S(kx, ky) =
∫∫
schicht
|M⊥(r, 0)| eikxxeikyydx dy = FTr{M⊥}(k). P 5hV 3G3 T
Q"2ﬁﬂL=GlB0%E  G ﬀ 
 	   
  

S(kx, ky)
#$ﬁﬂ./+ﬃﬂﬀ#+%I93%Eﬃﬂ=)+?flﬁ-cﬃ3H^ﬃﬂﬁMFGﬃ:7
ﬁE<ﬀrB=G%ﬂ2ﬁ-2ﬃ-)=IB_ﬃ?^LGﬁ-ﬀ%EﬀLG
(kx, ky)
2zDG7:)Vk "##+2<2+)= 5sV
3
q2=B%#a2ﬁﬂ`+2<ﬀlBJp%
ﬀ"q';2ﬀCﬁﬂﬀLGl<ﬀy*LGB%ErO%EﬃﬂaVsQy2"ﬃﬂo)<2ﬀ./ 8uﬃ-%ﬂﬀ<2)=_ﬃ;H^ﬃﬂﬁ-Fﬃ-ﬁE<ﬀrO7
=G%E2ﬁ-2ﬃﬂ)=6PZﬁVl "##WV 5hV
3
T8<2o[%*ﬁﬂﬀ./6lB6)+ﬃﬂ./6+2!20FGﬃﬂﬁ-q'3ﬀ2+ﬁﬂ2Ll<2!vlLG)+ﬃﬂ2ﬃM7
%Eﬃﬂﬁ-JKLﬃﬂCB%EﬀLG)ﬁy{(<22./,)=xP 5hV
3G3
T;=G'*ﬀW
M⊥(x, y) =
1
S0(2pi)2
∫∫
schicht
S(k, t)eikxxeikyydkx dky = FT
−1
k
{S}(r) . P 5sV 3 5GT
5A4  '   )

9
  

"

     
x
y
FT
FT−1
 
a<ZOq V T]\j  ikopq
ky
kx
 "##+2<2+)=(5sV
3
+ 	4ﬀ  # 0   % ' . .#ﬀ"#4 ﬃ - !  "#ﬀ   -!  ﬃ "#4 50 	#02   02(5ﬀ !".

 "!
ﬃ
"!   # /02! ﬀ ﬀ.!  ﬀ*05  /"0 ﬀ*023"#ﬃ10  # (5  02#  	!1ﬃ     .!$05"!  ! #ﬂﬃ%ﬀ !1ﬁ 0 	#  	( ( %
  "#

  ﬃ "# 02ﬃ  "0 #ﬁ +0  (5!
ﬂ#0 1  0   ×     02( ﬀ - .# "#ﬀ.!  ﬀ  ﬃ  ﬂ02!$#302#!
/!+
ﬃ
 #ﬀ*02#

Qc2ﬃ?fﬃﬂOs2ﬁ)sJK=Gﬃﬂ)+}FGLG vl<ﬀ2+LGCL=G&%/oB%ﬂ ?flﬁﬂlo+ﬃﬂ)+=Gz)+Jp%ﬂﬃﬂ%EWj
2wﬁ-2./)ﬃﬂ./29;ﬀ<2=#)+=ﬃﬂq)=%ﬂX?uﬁﬂloﬃﬂ)+=GbU#$ﬃ-<N=ﬃﬂWjdlo=
kx
)
ky
+2./0%t,)ﬃFGLG}+~+=G<ﬀ=%ﬂ~{(ﬃEB2,%ﬂ+JK<2ﬃﬂdjuﬁ-LGﬃﬂ )./ FGLG}+
q'*ﬀﬁﬂ./7yv7:?f)<ﬀﬁt) Sh2=GlB<N)ﬁ-<2ﬁﬂYB=GﬁﬂC<ﬀ%E~?flﬁ-lo+ﬃ-)=G #WV8Qcﬀ%
2ﬁM%ﬀtD,,)ﬀﬃﬂ2ﬃ-%ﬂt*LGlB%ﬂCB%ﬂﬃﬂ&
S(kx, ky)
JKUﬃ_2XﬃﬂkB<2ﬁ?(#*
-D0%wﬀ./,%ﬃ-C&%Eﬁﬂ./
)x25ﬃﬂDLGﬁM%Eﬃ-)2ﬃ-%E ?cﬃ-%EﬁMFGﬃ-%E2<ﬀ)=r+ﬃH^ﬃﬂﬁ-Fﬃ-ﬁE<ﬀr=%ﬂ2ﬁﬂﬀﬃ-)=jllBﬁc9;ﬀ<2dj+2./0%
ﬃﬂ2	ﬃﬂ<2<   Go+
;
5 RV,Q"ﬁﬂl<ﬀ#rﬃ-DLﬁ-%ﬂﬃﬂ)ﬀﬃ-%gCC2ﬁ-%ﬂﬁu29;%ﬂﬃE=ﬁﬂ#ﬀ<2	ﬁ ?c# 
-D0%ﬂﬁ
)YFﬃﬂ./<NoBﬁﬂﬁﬂﬀ=%!ﬀw?flﬁﬂ2sJKLGﬃﬂCB%EﬀLGdVay=GDBﬃM%!<Nﬁ-ﬁﬂﬁﬂ2./|ﬀ1 "#0'3ﬀ./h)+=G
2xﬃ"?uﬁﬂ2+JKLﬃﬂCB%EﬀLG6B)./Yq)+ﬃ c)l0%E&lqﬀﬃﬂ)+=CFLG|vl<2+2LCLG=&%/oB%ﬂ,)+%Eq
PZﬁVl "#ﬁ-./ﬀ%-%(5sV
7
TV

687
/
!$-
1
6?726&- !5'")
Q"222ﬁﬂ  y#ﬁﬂ./+ﬀ%ﬂ%w)+JK=Gﬁ-%E<2<&%E{!<ﬀﬀ./h)+=G1Uﬁ-ﬁﬂJKU+ﬃv$B<2<fﬀﬃ_2./0%M7
DLG0%ﬂ2,)2ﬃﬂ<ﬀ2./Y "#+%Eﬁ-%ﬂ)= ﬀ
 $  	 $ 	 "'3ﬃ-WVQ"2w?flBﬁﬂ+DLh2ﬃﬂ)=>ﬃ-JKLG<ﬀ=%cﬀY,)ﬃ
+<22./Fhﬀ<2?flﬁﬂDLhﬀﬃﬂﬁ-./ﬃﬂ&%ﬂ%ﬂdjfq'*2ﬁﬂ./+ +ﬃ	?flﬁ-DBLsﬀﬃ-=GﬃE+20%	)
ﬀ!JKﬁM%E Xﬃ-%
∆gph
2D,ﬃﬂC0%E2ﬃ-%'*2ﬃ-dVk y)[Gﬃ-\'*ﬀﬃﬂ!'8o+ﬃﬂ+ﬃAQcO%E)+JKlh7
CAlﬁ
)+D,%ﬂ2LG+ﬁﬂﬁﬂﬀ=Gl<h)+ﬃ2(ﬀ )ﬁ-=G';o<&%E5vlﬃﬂ,)q#aﬃﬂ2./
[ω0 − δω, ω0 + δω]
2|+<2ﬀ./Fh2<2XSs./ﬃ-ﬀ%-%E
N
)Xﬀ%!<ﬀ2./ﬃiWﬀ%E)+lGﬁ-)=
T
#=G%/ﬁM%E%)+X7
=Gﬀ%E<2ﬀﬁﬂﬀﬃ-%VQ"ﬀ9;ﬃﬂﬀ%ﬂrﬁw
,%ﬂﬃMFB<2<2ﬁj
2δω
j#$q2./+%rBb<2ﬁ  %$ 	 $ 	    ﬀ   	 	V

)
)


 
 

    5>J
}
}
(kx, ky)
 
	

 

∆ky


 



∆kx

 



 
 


 
 	
 
 




 



 
 



kx,max/2
kx
ky
(0, 0)
 "##+2<2+)= 5sV65h  !  %  . 02#ﬃ   #   "#4 0 	#(2(5#   "# !ﬀ)# ﬂ3"ﬃ "ﬁ ﬃ '0   "%
-  ﬃ$05! .# 02#ﬁ & ﬃ #  ﬀ*05!1!$054%.# 

ﬀﬂ!
ky
%3"! 

ﬃ
ﬃ 502 3,ﬀ*05 .ﬃ "( "ﬃ # 02(5

ﬀ*0 
  ﬂ! #ﬀ ﬀﬂ! !  
 #   ﬀ*0 "! .# 02#
kx
%  054% #ﬁ
ﬃ
   ﬃ  	 /0 ! ﬀ

JKLG<2=	ﬁﬂLG<ﬀ<2)+ﬁg+2ﬁ-CyB#$ﬀ=G)=C<NB%ﬂ2LG1JKUﬃu2Iq)';o<ﬀ+{(ﬃEB&7
0%Eﬁ-%EoﬃﬂDBﬀ "#o=Gﬀ=GDﬀ%cFLG+ﬃ!=G'*U+ﬁﬂ./0%EﬃEoB)C<ﬀ2./Y ")slGﬁﬂ)+=6B#=G<ﬀ&%E%
';ﬃﬂdV*Qcbﬁﬂﬀ./ 2Qy2ﬁﬂD,ﬃ-%Eﬀﬁﬂﬀﬃﬂ)+=ﬃ?cﬃ-%ﬂﬁﬂDBLsﬀﬃ-)=)+J?flﬁ-s7	'*ﬀ)./zvlﬃﬂ7
,)qDLh2ﬃﬂ)+=Y2@=G<22./ﬃ X2ﬁﬂC)ﬁM'*2ﬃ-DWj'3ﬃ-bﬀw';ﬀ%Eﬃﬂ y#$ﬃ-<2=)=GXq)+ﬃ
8uﬃ-2sJZ./,)=2+2ﬁ-2LG<WlBﬃﬂ=Gﬁ-%E<2<&%kV

 DG7:)w7:vlLGﬃ-r<ﬀ2ﬁ-1)ﬁ0%Eﬁﬂ`+ﬃﬂ2./0%r2> "#s%/ﬁM%E)=XﬁCD07yB)CﬁxPKﬁVg "##dV 5sV:5@)+
5sV 90TŁﬃu ")sJKl*ﬁ846I7:Ss2=l<2ﬁA2CﬃﬂﬃﬂC?flﬁ-s7Ł)Cvﬃ-,)qDBLsﬀﬃ-ﬁﬂ./ﬃ-ﬀ%ﬂ%ﬂ
0%E<2=	 "#+%Eﬁ-%ﬂﬁﬂ./rsVaQ"ﬁySs2=G<W'*2ﬃ->h)+ﬃﬀ> 93ﬃﬂ2./
kmin = k0 − N
2
∆k 6 k 6 k0 +
N
2
∆k = kmax
P 5sV
3
90T
ﬃMJZ[%kVBQ"ﬀISs./ﬃ-ﬀ%-%';ﬀ%E;ﬃfnLs+2ﬃ-)=c#+q'!VGﬃŁ "#+ﬁ-%/BwﬃŁQcB%E`)+D,%ﬂI2]DG7:)
2ﬁM%c=Gro[C@{(<22./,)=P 5sV
3<;
T)+ﬃﬂ./ﬀ"+ﬃ-)=G@+ﬁ(?fﬃﬂLh)D0%ﬂﬁ()ﬁ!{(ﬃEB2,%
)XiW&%kj
∆k = γ∆(gt)
j=G=#$dVQ"ﬀ+2ﬁﬂD,ﬃ-%E	 y#+%/ﬁM%E)+=6DO@rBB<2ﬁ_4x)<&%E2`+<22DOO7
%EﬀLGXﬁDBLG0%E2,)ﬀﬃ-<22./+bSh2=GlB<2ﬁ
S(k)
C&%52+ﬃ52ﬁ-Dhﬃ-%ﬂS+`<ﬀ2=B7vl)D0%EﬀLGdjW2ﬃ
9;
 '   )

9
  

"

     
`aﬃﬂﬀLsﬀﬁﬂ./vL<2=G"FLG
δ
7Q"2ﬁM%Eﬃﬂﬀ#)+%ﬂ2LGdj+#$%ﬂﬃE./0%ﬂd
Sdiskret(k) = S(k)
∞∑
n=−∞
δ(k − n∆k) .
Q"2AlﬃEB)ﬁDLG+ﬁ-%Eﬃ-)2ﬃ-%ﬂgﬃﬂo)<2ﬀ./8uﬃ-%E2<ﬀ)=8ﬃH^ﬃﬂﬁMFGﬃ-ﬁE<ﬀrB=G%ﬂ2ﬁ-2ﬃ-)=5PR{!<RV0P 5hV
3
5TﬂTj
lﬁ*9;ﬀ<2dj+2ﬁ-%8l0%Eﬁ-`ﬃﬂ./+ v<&%E)+=Gﬁ-%ﬂLGﬃ- ﬃvlLG)ﬃ-2ﬃM%Eﬃﬂﬁ-JKLﬃﬂCB%EﬀLG
Mdiskret = M(x) ⊗
∞∑
n=−∞
δ(x− 2pi
∆k
n) ,
'8Bﬁ2(`$ﬃ-2Lh2ﬁ-./ "#+#2<ﬀ)=wﬁ ?c# 
-D0%Eﬁﬀ%iW,%ﬂﬃﬂ)
x0
j
x0 =
2pim
∆k
,
C&%
m = −∞, ...,+∞
q)ﬃAvlLG<2=GulO%kVBeuﬀ1ﬀq<2ﬁŁ9;ﬀ<2_)JZB[%A2 ?cﬃ-%ﬂﬁ-JKﬃﬂ,)q#aﬃﬂ2./wFGLG
2pi/∆k
V  o<&%
rB2!*`ﬃﬂoﬁﬂ0%/B%ﬂ2LGC&%
m = 0
jlﬁ-Lﬃﬂ=Gﬀ#+%*ﬁﬂﬀ./d
− pi
∆k
= xmin < x < xmax = +
pi
∆k
.
P 5hV
3 7
T
y #aﬃﬂ<NB``)=+jgﬁ-LG=Gl0%E  	+I       	ljuq'*2ﬁ-./}2q<ﬀ`ﬃEoﬁ-0%/O%E2LO7
>B)ﬁﬂq)ﬁﬂ./<ﬀ2[Gdj+1)[1ﬃ8%ED0%ﬂ2ﬃM%E(?flBﬁﬂ,#$ﬃ-2./x)+Jﬁ8
0%Eﬃ-FB<2<
[0, 2pi]
2=G7
ﬁﬂ./ﬃﬂoD0%';ﬃﬂdVQy2ﬁ,%ﬂﬁﬂ`ﬃ-2./0%^\ y#+%/ﬁM%ﬂ%ﬂLGﬃ-   Go
;
5 Rjk';Ll./2Ss2=l<ﬀ%
Cﬀﬁ-%Eﬁ;q';4x[G`)+D,%ﬂ`ﬃ-LwSs./0'*ﬀ=G)=ﬁﬂ`$ﬃﬂﬀLs+(#=G%/ﬁM%E%;'3ﬃﬂ+1)[+jh)+ ﬁ
ﬀ)s%E2=|q)2+0%E&lqﬀﬃﬂdVuQcﬃﬂ)ﬁ	'*2ﬃ- lB./~{(<2ﬀ./,)= P 5sV
3 7
T1ﬃtiW)+ﬁECl+=
q'*ﬀﬁﬂ./Y9;ﬀ<2=Gﬃ-G[G1P jv ﬀ<2? J8 2'yT;)DG7:)w7MSs./ﬃ-ﬀ%-%';ﬀ%E
∆k
ﬃﬂ=Gﬁ-%ﬂ<2<&%
xmax =
FOV
2
6
pi
∆k
)2(ﬃﬂo)<2ﬀ./c ")slGﬁﬂ)+=C2ﬁ9;2<ﬀ`)D0%ﬂﬁ*ﬃ-=G2#+%8ﬁﬂ2./ﬁﬂLC&%Iq)d
∆x =
FOV
N
=
2pi
N∆k
=
2pi
kmax
.
P 5hV
3
@T
yﬀ{(ﬃE+20%ﬂﬁM%/oﬃ-DX2 X+ﬃ#$=ﬃﬂ+q%EH2ﬁM%E)+=6ﬃw{(ﬃEﬀ0%E0FGﬃ:7
ﬁ-%EoﬃﬂDBﬃ*LG`+%ﬂ2C<Wq)x,)+%ﬂqWj';o<&%*rB+25{(ﬃEﬀ0%Eﬁ-%EoﬃﬂDBxﬁ-hC%ﬂﬃﬂﬀﬁﬂ./>)
g = 0

kx = m∆kx = m
γ gfreqT
Nx
,
ﬀ% − N
2
6 m 6
N
2
− 1
ky = n∆ky = n
γ gphT
Ny
,
ﬀ% − N
2
6 n 6
N
2
− 1 P 5sV 3 B0T
)
)


 
 

    9
3
Q")ﬃ-./ref2+ﬁﬂ%ﬂq%ﬂCFLG
x = u∆x
)+
y = v∆y
'*2ﬃ-	l	lﬁuB)ﬁuﬃg*LGlB%ﬂCB%ﬂﬃﬂ&
S
ﬃ-DLﬁ-%ﬂﬃﬂ)ﬀﬃ-%ﬂjﬀﬁﬂD,ﬃﬂ%E59;2<ﬀq)d
M⊥(u, v) =
1
S0(2pi)2
Nx/2−1∑
m=−Nx/2
Ny/2−1∑
n=−Ny/2
S(m,n)e−2pii(um/Nx+vn/Ny) .
P 5sV
3
CGT

ﬃr?fﬃﬂOs2ﬁ	'*2ﬃﬂ2ﬁM%
N = 2n
<ﬀﬁia';2ﬃﬂ`$L%Eq6=G'8oB<ﬀ%jfﬁﬂLX[+2h)+Cﬃﬂ2ﬁ-./
=GUﬁM%Eﬀ=Gﬃ-~ "<ﬀ=GLGﬃ-ﬀ%E+Cﬃtﬁﬂ./+<2<ﬀ vlLG)ﬃ-2ﬃM%Eﬃﬂﬁ-JKLﬃﬂCB%EﬀLG  :E;LhLG<2&B @ "2+=Gﬁ-%Eq%
';ﬃﬂ>DG+dV =ﬃ;<NB=GﬁEBCﬁ?cﬁﬂqﬀ<2<2B%EﬀLG	ﬃ;?uﬁﬂ,%ﬂﬃ-CcJKUﬃ32ﬃﬂﬀ=G(?(ﬃM%Eﬁ:7
JKﬃﬂh)+q'*2ﬃ-Xﬀt{(ﬁﬂ%ﬂ20%Eﬁﬂ&%/oB%5ﬁ=GCﬁﬂﬁﬂSh2=GlB<2ﬁj+ﬃ  G     $Zj)`+%M7
ﬁEo./+<22./ FGLzﬃY4ﬀ%ﬂ%ﬂﬁDG7:)ﬁj8ﬁ>ﬀ[% 4x[B';ﬃ-%E2 ﬃy=G#)+=
ﬃ 
)<2<ﬀ)ﬃ-./=0o=;FGLGvlﬃﬂ,)q7^)?flﬁﬂDLhﬀﬃﬂ=ﬃEﬀ0%u#$ﬁ-%ﬂ2%kVSsL!0%ﬂﬁﬂ`ﬃ-2./0%
S(0, 0)
=GﬃE 4xﬀ%-%E<&';ﬃ-%5ﬃ5
0%ﬂﬁ-ﬀ%/oO%ﬁ ?c# 
-D0%EﬁVAQ"=G=Xﬁ-22w+LG
?cﬃ-%EﬁMJKﬃﬂh)+q)sJK=Gﬃﬂ)++ﬃ*D,<2ﬀ <ﬀ<2+<No=ﬀ(H^ﬃﬂo=Gﬃ*ﬃQ"%E2<ﬀ2+JKLGﬃ-rO%E2LdV
9;fDBLG0FG,%ﬂ2LG+<2<ﬀ9;2<ﬀ=G#)=Gﬁ:7)@ ")ﬁ-<2ﬁﬂ%ﬂ./+2DX'*2ﬃ-|`ﬃﬂL "ﬃ-=G)+=Gﬁﬂ`+)<2ﬁ!ﬀ
vlﬃﬂ,)qDBLs+2ﬃ-ﬁﬂ./ﬃ-ﬀ%-%kj^<2ﬁ-Lx2DG7:)w7MiWﬀ<2Bjd)ﬁ-=G<ﬀﬁ-dVD8uLGﬃ 
-  y)ﬁﬂ<ﬀﬁ-ﬁﬂ./+ﬃﬂﬀ%-%
'*2ﬃ- lBﬁC=G'*Uﬁ-./,%ﬂ|4xLG0%Cﬁr?flﬁﬂDLhﬀﬃﬂ=ﬃEﬀ0%Edjg<2ﬁ-L+2?^LGﬁ-ﬀ%ﬂ2LG2ﬁﬂﬃ
iWﬀ<28ﬀ DG7:)jG=Gﬁ-./l<&%E%"PKﬁV, "##WV 5sV65TVh{(<2ﬀ./qﬀ%ﬂ2="'*ﬀﬃﬂC)./rﬀ −kx 7ﬀ./,%ﬂ)=!ﬀ
4xLG0%!0%ﬂﬁﬂ`ﬃ-./
kx,max/2
=ﬁﬂ./<ﬀ%ﬂ%kj)+ |ﬁ!DG7:)ﬁ(q)@ﬃ-ﬃﬂ2./dV
Q"2ﬁﬂ?fﬃEo`$ﬃﬂB%EﬀLG FLGﬃﬃﬀ=G0%E<ﬀ2./z y)ﬁﬂ<ﬀﬁ-'*2ﬃ- B<2ﬁQ"`+lﬁﬂﬀﬃ-)=}#$q2./+%V
9;FLGﬃ 
-Lh./l./   y#ﬁﬂ./<ﬀ)[X+ﬃr y)ﬁﬂ<ﬀﬁ-x2ﬃtiW2<22 )ﬃC yﬃﬂ=G)=ﬁﬂ`)<ﬀﬁ
ﬀ=GﬁM%Eﬃﬂ<ﬀ%5)+Xﬀ	';ﬀ%EﬃﬂtiW2<ﬀ	)+JK=GLGC@'3ﬃ-bDO+dj1)[6ﬃﬂﬁM%ﬀ HLG+=G&7
%E)+2l<ﬀﬃﬂ<NO+B%ﬂ2LG>#+=G';ﬃ-%ﬂ%y';ﬃﬂdja';ﬁcq)Yﬀﬃ<N+=Gx ")+JKlBCl)ﬃyJKU+ﬃ-%kV$ef&7
1 y<ﬀ%EﬃﬂlO%EﬀF_q)2ﬁﬂﬃ" ")+ﬁﬂ<2ﬁﬂ%E./+2Dxﬁ-%E<2<&%"ﬀﬀo./ﬁ-%ﬂ y#ﬁﬂ./+ﬀ%ﬂ%"FGLGﬃ-=GﬁM%E<ﬀ<ﬀ%ﬂ
ef./LB7:?f<2lﬃ:7:9;ﬀ<2=G#)=lﬃV
)  )   ﬁﬀﬂ$ .". . + @ ﬀﬃ"- ' !
-
% '
ef2c#$ﬁ-LGﬃﬂﬁ*ﬁﬂ./+<ﬀ<2!4x=G<2ﬀ./Dﬀ%8+ﬃ*QcB%ﬂlBDh,)ﬀﬁﬂ&%E2Lt2ﬁM%Iﬁjl./2 7"v7:?f)<2ﬁ
Cﬃﬂﬃﬂ5Ls+ﬃ*ﬁﬂLG=Gﬃ"B<2<2(DG7y)+	7:iW2<ﬀ>)sJŁﬀC<)ﬁ-q)<ﬀﬁ-dVa9;ﬃ-&%Eﬁ
3
J CGCwﬁ-%ﬂ<2<&%E5?^V
46ﬁMl<ﬀ>C&%IﬃIﬁ-LG=Gl0%E   @G       
	 ﬀ 	    YP     jle ./+LC? <2lﬃ8
 C=Gﬀ=,T
2Y{!ﬃ-)ﬀ62+ﬃtﬁ-LG<2./z4x%ﬂLs+6FGLGﬃV8 ")sJK=Gﬃﬂ)+~ﬃt+LG  yﬁﬂ`ﬃ-U./@~lBﬁ
{!ﬃﬂﬀ0%Eﬁ-hﬁ-%ﬂ JZCﬁﬂ2<ﬀ<2ﬃﬂﬀ=Gﬁfﬃ-ﬁ-%I4xﬀ%-%Eﬃ J
;
ﬃ G+ﬃﬂﬁgFGﬃ-=0= GﬃM7
,)ﬃ-%Eﬁ+ﬁ-'3ﬃ-%ﬂ/8uﬃ-#ﬃﬂﬀ%ﬂ)=	2>ﬃD,<ﬀ2ﬀﬁﬂ./64xI79;2<ﬀ=G#+)=V
9 5  '   )

9
  

"

     

 



 
 


 



 
 



 
	  
kx,max/2


 ky,max/2
kx
(0, 0)
ky
 "##+2<2+)= 5sV 9+ '05   %   "# !ﬀ)# ﬂ3 +'* "0 #"  #ﬂ! %.#ﬃ - .( ﬃ /0 ! ﬀ ﬀﬂ"! "ﬃ 3 
 %  .  !ﬀ 02#ﬂﬁ (  .ﬃﬁ(5ﬃ "#

y CﬃﬂﬃﬂDG7:)w7MiW2<2)sJy2C<;)ﬁﬂq)<2ﬁﬂdjŁ'*2ﬃ-bl./ﬃwﬁ-./2./0%Eﬁ-<ﬀD0%E&FG
 "ﬃ-=G)+=jFLGﬃ9;=2!ﬃ ")ﬁ-<2ﬁ-jﬃ
ky
7 Xﬃ-%)+ﬃﬂ./52+!ﬁﬂLG=l+,%ﬂ 	     $ 	 
  J
ﬀ
 	  	6)+J^x46m+ﬀrB<ﬀ'3ﬃ-%8=Gﬁ-%Eq%kVQcBﬁﬂﬁﬂ<2#$!=Gﬁ-./2,%ﬀ%;
kx
7 Xﬃ-%VQc+)ﬃﬂ./
lB%fCwﬁ-2./wﬀ*o)[Gﬃﬂﬁ-%ﬂ*ef./Dﬁu)+ﬁﬂq)+<2ﬁ-+rDG7y)+CﬁŁ#a=G#$6PZﬁVG "#+#dV 5sV 90TV

"./C2ﬁﬂﬃ 8uLGﬃ-#aﬃﬂﬀ%E)+=_#$=20%g2ﬀ=G0%ﬂ<22./+ y)ﬁﬂ<ﬀﬁ-Vhefﬁ3'*2ﬃ-Cq)lo./+ﬁ-%I)+ﬃﬂ./rﬁ
Ss./l<&%Eﬁvlﬃ-,)+qDLhﬀﬃﬂ=ﬃEﬀ0%EX2	DG7:)q2<22@ﬀ./0%E)=
kx
B)ﬁﬂ=G<2ﬁﬂWV
 " ﬁ1DG7:)ﬁ1+=GDBLGC@'*2ﬃ-XJKUﬃD,)ﬃ-qiWﬀ%_ﬃ?uﬁﬂDLh2ﬃﬂ=Gﬃﬂﬀ0%
=Gﬁ-./l<&%E%jW) 2Y+21loB./ﬁ-%ﬂwD07yB)	7:iWﬀ<2!q)|=G<N=dVaQ"2ﬁﬂﬁ(Dh)+ﬃﬂqCSs./<ﬀ%ﬂY'*2ﬃ-
<2ﬁ !  b#$q2./+%kV yyB+ﬁ5D07yB)Cﬁ(#$=20%52w y)ﬁﬂ<ﬀﬁ-Cﬃ_o./ﬁ-%ﬂiW2<ﬀj
,)ﬀ −kx 7ﬀ./,%ﬂ)=VdQ"2ﬁﬂﬃ 8uLGﬃ-=0=t'*ﬀﬃﬂL<ﬀ%!ﬁﬂﬀ./ﬁ-L><N=jd#ﬀﬁ(rB@+@=Gﬁﬂ	7
%EDG7y)+#=%/Bﬁ-%E%lB%kV+ "ﬁ-./<2ﬀ[GxDO+ﬀ%8o./ﬁ-%ﬂ 7"v7?u)+<2ﬁ82!)
Ss./ﬀ./,%5=GCﬁﬂﬁ-|';ﬃﬂdVQ"2ﬁﬂw "ﬃM%!ﬃ!eu?f
7:932<2+=G#)+='*2ﬃﬂ|B<2ﬁ MSh2=G<ﬀ7:SsL% eg?f

#aq2./%kjBlcl./w2 2q2=G1 "ﬃ-=G)+=Gﬁﬂ`+)<2ﬁŁ2;=0q*Ss./ﬀ./,%f)ﬁﬂ=<2ﬁﬂ	'*ﬀﬃﬂdV
Qc#a=G2#+%ﬁ	)+./+2 :4x)<ﬀ%ﬂ&7:SsL% reg?f
75Lhﬃﬁﬂ=C,%ﬂ2ﬃ-%Eteg?f
7 ")ﬁ-<2ﬁ-VuQcB#a
'*2ﬃ-25Sh./2./0%y2>Cﬃﬂﬃﬂ6Q")+ﬃﬂ./=0oB=GxC&% 
-!ﬀ J
; ◦ 7?u)+<2ﬁ*)ﬁ-=G<ﬀﬁ-dV
)   
         
ﬀ
,   9A9
Qc_+2=Gﬃﬂ=%EH^ﬃﬂﬁMFGﬃ-ﬁE<ﬀrB=G%ﬂ2ﬁ-2ﬃ-)=5C&%fﬃg%ﬂﬃEﬁMFGﬃﬂﬁEB<2t<NO+B%ﬂ2LGﬁ-qﬀ%
T ∗2
qﬃ-JZo<ﬀ<ﬀ%kj$1)[>ﬀwDLG`<ﬀ%ﬂ%ﬂ1 ")+ﬁﬂ<2ﬁﬂ	2SsD,)h#+ﬃﬂ)./0%E2<ﬀb#+=Gﬁ-./<2LGﬁ-ﬁﬂﬁ-2WVQ"2ﬁ
ﬃ-ﬃﬂﬀ./0%IrBt)ﬃ-./ﬁﬂ+ﬃILGc y)ﬁﬂ<ﬀﬁ-#l+#ﬃﬂﬀ%ﬂ2r ")ﬁ-<2ﬁ-ﬃ-2./0%E)+=VlQ"ﬀc98+#ﬃﬂﬀ%ﬂ
2r?uﬁﬂDLh2ﬃﬂﬃ-2./0%E)+=12ﬁM%;) vD0%ELGﬃ  yqkB<a+ﬃ;DG7y)+Cq2<ﬀI=Gﬃ-2=ﬃVhef2+
Ss./ﬀ./,%;FGLG
1282
QcB%ﬂ`+)D0%ExDOrC&%;ﬃ8)+%EcﬃﬂloB<ﬀ%E<ﬀ2./ 7yﬃﬂ+';ﬃ-c2r'3+2=Gﬃ
<2ﬁ C
;
ﬁAB)ﬁﬂ=G<2ﬁﬂ1'3ﬃ-WV0 "<2<ﬀﬃ-2=ﬁﬃ-)+q2ﬃ-%fﬁ-2./w)+ﬃﬂ./wﬀ;LG+8 ")ﬁ-<2ﬁﬂ##ﬃ-7
%E*lﬁ      !J   %$ J  	  
   $_P    yjhS 2=l<+%ﬂL 
 LG2ﬁ-y B%ﬂ2L,TA==GhU+#aﬃ3<2=GﬁﬂCﬃﬂ
H^./ﬀDx)s%E<2ﬀ./dV
Q"2*ef./LO7:?f<NﬃM79;2<ﬀ=G#+)=cﬀﬁ-%g)[ﬃﬂ+o)+[Gﬃ-ﬁ-%g+JZoB<2<2ﬀ=yJKUﬃu?flBﬁﬂsJK<ﬀﬃV,Qy2ﬁ-DG7
D,)1)<ﬀ2ﬃ-	'8oBﬃﬂﬁ3<N+=GCef./LGq)+=GﬁIﬀr?flﬁ-DBLs+2ﬃ-ﬃﬂﬀ./,%ﬂ)=jhdV dV,FGLG>iW2<ﬀq)
iWﬀ<2jO)1Fﬃ-)ﬃﬂﬁﬂ./Cl)+ﬃﬂ./ "ﬃ-%ﬂJZD0%ﬂI21	ﬃﬂDBLGﬁM%Eﬃﬂ)+2ﬃM%Er9;ﬀ<2ﬃﬂ>PKﬁVB "#ﬁ-./ﬀ%-%
5sV
7
TVl
ﬃ ")+ﬁﬂ<2ﬁﬂﬃﬂ2./0%ﬂ)=rﬀﬁ-%ﬀ_9;#ﬃ-&%E!ﬁﬂLC=GﬃﬂLG[	)+6lﬀ%82! ")+ﬁﬂ<2ﬁﬂq&%yJKU+ﬃ
ﬀwiW2<2!ﬁ-Lt=Gﬃ-2=+j$[rﬁ-2./YDB2++ﬁ-'3ﬃ-%ﬂX?uﬁﬂ+JK<ﬀﬃ")ﬁﬂ#+2<2+dV$ef2)ﬁ:7
JKUﬃ-<22./+y y#l+<2)=_ﬃ;eu?u
7H^./ﬀD)+t2+ﬃﬂ 8gﬃﬂ20%El%8C2   Ss./ﬀ%-% JG4 V
ﬃ        "    "   
Q"2'*2ﬃ-LG<ﬀ%ﬂxq&%E<2ﬀ./ "#+JKLG<ﬀ=GFGLG 7yv7 yﬃﬂ=G)=ﬁﬂ`)<ﬀﬁﬂdj8{(ﬃEB2,%ﬂ+JK<2ﬃﬂ})+
 "D,,)2ﬁ-ﬀ%ﬂ2LG5ﬁ^
)D0%ﬂ2LGﬁ-ﬁﬂﬀ=Gl<ﬀﬁ'*2ﬃﬂ<2ﬁ 	 ﬀ 	     $ $ 	
L
 	 (#$q2./+%kVBQ"ﬀﬁﬂ3=G<2ﬀ7
ﬃM%uﬁﬂﬀ./	%h`ﬀﬁﬂ./ﬃ-'3ﬀﬁﬂ2wﬃ-l "#+ﬁﬂ./&%ﬂ%ﬂVhiW)loB./ﬁ-%uﬃ-JKLG<ﬀ=%fﬀ8ﬁﬂ./ﬀ./0%Eﬁﬂ<2D,%ﬂﬀFy yﬃﬂ7
=G)=+j0dV WVh+2*efﬃﬂq)=G)+=ﬃ3+%ED0%E2ﬃﬂ#lBﬃﬂCH^ﬃﬂﬁMFGﬃ-ﬁE<ﬀrB=G%ﬂ2ﬁ-2ﬃ-)=!2+ﬃ-l<2#	ﬁ
#q)#2<ﬀ+ 8uLG<2)+ﬁVQ"ﬀClBﬃE)+J3JKLG<2= ?cﬃ-%ﬂﬁﬂDBLsﬀﬃ-)=6)+,%ﬂﬃM%Eﬀ<ﬀ%5ﬀﬃﬂq)=%ﬂ
H^ﬃﬂﬁMFGﬃ-ﬁE<ﬀrB=G%ﬂ2ﬁ-2ﬃ-)=bﬀ 8uLG<2)+<2C0%EYﬀ%r)0%Eﬃ-ﬁﬂ./ﬀ<ﬀ2./*ﬁ-LGlqJKﬃﬂ7
,)qPKﬁV "#+ﬁﬂ./&%ﬂ% 5sV:5GTV$Ss./+<22
	G<2ﬀ./'*2ﬃﬂlﬁ*
+)D0%E2Lﬁﬂﬁ-2=GlB<+ﬃH^ﬃﬂﬁ-Fﬃ-ﬁE<ﬀrO7
=G%E2ﬁ-2ﬃﬂ)=w';oﬃ-xﬃI y)ﬁﬂ<ﬀﬁﬂ`lﬁ-ﬀ+ﬃefC`+JZB=Gﬁﬂﬁ-`)<ﬀ(ﬃ-JZ	%kV
)    C   ﬀ (!	ﬁ,ﬂ$  !	A %(! ﬃM! 
Q"219;q2./+h)+=   	 	@G ﬂ       	
L
 	 	X#$qﬀ0%!ﬁﬂﬀ./@)+Jg2	efﬃ-q)+=G)=>)?fﬃEoO7
`aﬃEB%ﬂ2LGﬃ_H^ﬃﬂﬁMFGﬃ-ﬁE<ﬀrB=G%ﬂ2ﬁ-2ﬃ-)=FGLGﬃ1+ﬃ1Q"B%El)+JKlBCBVŁiW)+lo./ﬁM%1'*2ﬃ-Xﬀ
ﬁﬂ./ﬀ./0%Eﬁﬂ<2D,%ﬂﬀFﬃIJ
; ◦ 7?f)<2ﬁIB)+J2"?uﬃ-LG#$cﬀ=GﬁM%Eﬃﬂ<ﬀ%j+ﬁ-Lwl	wﬀ"LGC0%/rFLGﬃﬂ<ﬀ2=Gs7
FHLG=G&%E)ﬀl<ﬀr=%ﬂ2ﬁﬂﬀﬃ-)=52>2(HﬃEBﬁ-Fﬃﬂﬁﬂ<2#a5Dh<2``+%V "#ﬀﬁﬂ iW&%E`)+D0%
97
 '   )

9
  

"

     
#a=G2+|ﬀrSh`2ﬁ!q)`lﬁ-2ﬃﬂ}PZﬁV y#ﬁﬂ./+dV
3
V:90Tjdﬃ!JKﬃ-ﬀ
+)D0%EﬀLGﬁﬂqﬃMJZ<2<fﬁ-%Eq%
ﬀdj^)+lﬁ	Ssﬀ=Gl<gqﬃ-JZo<ﬀ<ﬀ%_C&%1ﬃ	iW&%EDBLGﬁ-%E0%E
T ∗2
VAvAUﬃ1ﬀﬁ-Q"`+lﬁﬂﬀﬃ-)=|ﬁﬂﬀ
ﬁﬂL'3LG<ASs`2h7MSs`ﬀs7 ./+ﬁﬂ<&'*2ﬃ-Dh)+=G6<2ﬁ)+./Y<2LGDO<ﬀ_46=G%ﬂJK<2ﬀLGLG=Gﬀ%EoB%EtFGﬃ:7
0%';Lﬃ-%E<ﬀ2./dVdSs`ﬀﬁ(C&%c2ﬃ(<2LGDO<Gﬃﬂ HLGﬃ-JKﬃ-,)qwﬁE<26=G=G,U#aﬃ_Ss`2+ﬁ
C&%A2ﬃf2ﬃﬂﬀ=Gﬃ-wvlﬃ-,)+qﬀ%AﬃgiWﬀ%A2+8ﬃﬂ<NB%ﬂﬀFG8?uﬁﬂ*WjFGﬃﬂﬃﬂﬀ=Gﬃﬂ	l)+ﬃﬂ./
25CD,ﬃﬂLGﬁ-DLG`ﬀﬁﬂ./1{!ﬁE_%EC=G%E2ﬁ-2ﬃﬂ)=	)+Yﬁﬂ./0';o./@ﬁﬂLClﬁcSs2=G<ﬁﬂﬃcﬁﬂ./+<ﬀ<
#dV
Qcﬁ*./lﬃﬂD0%Eﬃﬂ2ﬁM%Eﬀﬁﬂ./5ﬃ"Ss`ﬀ./+Lt9;ﬀ<2=G#)=wﬀﬁ-%jll	  yﬃﬂ=G)=Gﬁ-`)<ﬀﬁ./6ﬃ
iW&%
∆t
21'3&%Eﬃﬂﬃfﬁ-./2./0%ﬂﬁﬂ<ﬀD0%E&FGﬃ 7yv7:?f)<ﬀﬁ^JKLG<ﬀ=%kVBQ"ﬀﬁﬂﬁu?fﬃﬂ2+q2`_'*)ﬃﬂ*#$ﬃ-ﬀ%ﬂﬁ
3
J @
;
FGLGe*V HfV7y   7"B<@
;
gFGL=GﬁM%E<ﬀ<ﬀ%V y##ﬀ<2)+=5sV
7
q2=B%1U#<ﬀ2./ﬁM%Ev$B<2<j2
3
4
; ◦ 7:vlLG<ﬀ=G`)+<2ﬁ  E8ﬃﬂﬃ @ 7 RVQ")ﬃ-./Xﬀﬁ-@q'3ﬀ%ﬂ 7"v7?u)+<2ﬁ(q)+ﬃiWﬀ% δt
l./@ﬃﬂﬁ-%ﬂ
gfreq
∆t ∆t
gph
TE
gschicht
180◦   	 90◦   	 


 

 



  
t
exp(−t/T ∗2 )
exp(−t/T2)


 


M⊥
RF
 "##+2<2+)=5hV
7
 "0  ( 05! 
ﬃ
() !ﬀ'"0 #"! 
.- 02#4 ( 
ﬂ
 "#  ﬀ'ﬀﬂ"# ﬃ ﬂ054 ﬃ "(  4 0  	"#
'5C ◦ %  .(2ﬃ ﬀ	(  ﬀ*0   & ﬃ #&%  #ﬀ &! ﬂ
 "#ﬂ  ﬀ*05! .#    * ﬀﬂ"!  "0  ∆t
/02! ﬀ 02# ﬃ ﬂ0  %
ﬃ (5 450  	!
 
 C ◦ %  .( ﬃ "0 #"ﬃ  ! ﬂ(     ﬃ 
.- 0 #  /0 ! ﬀ	!.  0 2- .#4 TE = 2∆t
 .ﬃﬁ"%
(5ﬃ "#

)   
         
ﬀ
,   9G@
7"v7?f)<2ﬁu';ﬃﬂ><2<ﬀILGﬃ-%ﬂLG=GLl<q)ﬃ
B0
7ﬀ./,%ﬂ)=_ﬃﬂL%ﬂ2ﬃ-+Q"ﬀ`aL<2LGC0%EI)
3
4
; ◦
) ﬀ	ﬀ./0%E)=>ﬁ!2+=GﬁM%EﬃEB<ﬀ%ﬂ
B1
7:vl<2ﬁc=G+ﬃﬂ0%rPZﬁV "##WV 5sV6@TVd
 ﬃ-L%Eﬀﬃ-
 "##+2<2+)= 5sV:@s? "0  "#4 /0   (.#ﬀﬂ! " #	502ﬃ10 "! .#
ﬃ
"0ﬀ
, 
& 
 "# "# #&*
&

  !ﬁ'!' *

a:
 .ﬃﬁ  # ﬃ1ﬃ$0 ﬁ  0 	#  ﬀ*0  '"ﬃ 35#	502ﬃ10 "! .#  0 02#
B0
%  054ﬁ.#

b:
 ! '5C ◦ %
 .(2ﬃ *() -- 
M‖
02# ﬀ*05 !" #ﬂﬃ   "!1ﬃ (5
ﬃ
#

c:
  # ﬀﬂ! !" #ﬂﬃ   "!1ﬃ (5
ﬃ
#
ﬃ
 02#ﬂ#4 ﬀ*0 
T ∗2
%
 ()	+ﬂ50 	#

d:
 "!
 
 C ◦ %  .(2ﬃ *() -ﬂ-,/ﬀ*0  
 - 02#ﬂﬃ ! ()50   !.!  054ﬁ.#  	# B1
.

e:
'0 
  -  ﬃ$05! .#
ﬃ
  0 #ﬂ#4

f:
 * ﬀﬂ"! "0 
TE
02ﬃ 
M⊥
!  -  ﬃ$05!  .#ﬀ ﬀ  ﬃ
 0 #& ( "!$! 054
ﬃ 02# " 	+ 02 .

g:
 * /!$! "0 "# ﬀﬂ"ﬃ " 	+ 02 . ﬃ
ﬃ
  0 #ﬂ#4 ﬀﬂ"!
 0# ( 	"!ﬁﬀ5 (2( !ﬀ  ! .#ﬀ
ﬀﬂ"!
T ∗2
%  ()	+ﬂ50 	# . 0 #
h
* #    	!1ﬃ  /0 #ﬀﬂ#

  ﬂ! #ﬀ (2( ﬀ*05ﬃ "! /! ﬃ1ﬃ  ﬂ#ﬀ	
  ﬀ*05
T1
%  "( 	+ﬂ 0 	#ﬃ  $

ﬀ*0 
M‖
ﬀ ! ﬀ 05 #*ﬃ  '#!   .# 02#
i
/05 ﬀﬂ"! ﬀ
ﬃ
ﬂ

9;q)=Gﬁ-ﬁ-hﬁ-%ﬂ #$'*ﬀﬃﬂD0%C2ﬁC2 y#$ﬃ-=0=@FGLG ?flﬁ-0'*2+D<
∆ϕ
q)
pi − ∆ϕ #a
ﬁEo_%E<2ﬀ./Ss`ﬀﬁVgQc@2x46B=G%-JK<ﬀ2+LGCL=G&%/oB%ﬂﬃ-l<&%E#<ﬀ2#$Wjf`ﬃEoqﬀﬃ-
l./x
3
4
; ◦ 7:?f)<ﬀﬁyB<2<25Sh`2ﬁ*'3ﬀ%ﬂﬃC&%*ﬃyﬁﬂ<2#$6Lﬃ-%Eﬁﬂ#loB=G2= HBﬃﬂLGﬃ-JKﬃ-,)+q
'*2cq)+FGLﬃVlQ"ﬀﬁI#$'*ﬀﬃﬂD0%Iﬁﬂ./+<22
	G<2ﬀ./tlﬁ**`+lﬁﬂﬀﬃ-ﬃSs`2+ﬁ8q)ﬃiWﬀ%
TE = 2δt
l./
 J
; ◦ 7?u)+<2ﬁc)+lBC&%cﬀwvlLGﬃﬂ2ﬃﬂ)=rﬁ_Ss`ﬀ./+LGﬁjd'3<ﬀ./ﬁ_<2ﬁ7"v7:Ss2=G<AC`s7
9GB  '   )

9
  

"

     
JZ=GX'3ﬃﬂ+DBBdVŁQy2rJKUﬃ9;ﬀ<2DBLG0%Eﬃﬂﬁ-%C&%ﬂFGﬃE0%'3LGﬃ-%ﬂ<2ﬀ./>iW&%EDBLGﬁ-%E0%E
TE
'*2ﬃ-xB<2ﬁ   @G 	I#aq2./%kV
Q")ﬃ-./123*`lBﬁﬂ2ﬃﬂ)+=jO'3<ﬀ./;+2g<2LGDO<ﬀ_46=G+%ﬂJK<2ﬀLGLG=Gﬀ%EoB%E5)ﬁﬂ=<2ﬀ./0%kjm2ﬁM%
JKUﬃIﬀ(H^ﬃﬂﬁ-Fﬃ-ﬁE<ﬀﬃﬂ<2O+B%EﬀLG,)ﬃ*Lh./xﬀ5Ss`ﬀs7MSs`+2s7 X./ﬁﬂ<ﬀ'*2ﬃ-D,)=wFGﬃE0%'3LGﬃ-%ﬂ<22./Wj
2	ﬀ./0%DBLGC`$+ﬁﬂ2ﬃ-%5';ﬃﬂDOdV^QcﬁSsﬀ=Gl<fqﬃ-JZoB<2<ﬀ%5B<2ﬁﬂLﬀ%!ﬃ_ﬃ-2=G'3#$kB#s7
lo=2=GiWﬀ%ﬂDLG+ﬁ-%/B,%ﬂ
T2
)2./0%*ﬃ*ﬀ%
T ∗2
V
 2wﬀ y##2<ﬀ)= 5sV
7
=Gqﬀ=%!'*)ﬃﬂBj=Gﬁ-./2,%_ﬀ ?cﬃM%EﬁﬂDBLs+2ﬃ-)=C&%(b{(ﬃEﬀs7
%E
gph
)wﬀIQ"`lﬁ-2ﬃ-)=52wvlﬃ-,)+qDLhﬀﬃﬂﬃ-2./0%E)+=5JKU+ﬃ
gfreq
q'*ﬀﬁﬂ./C+	#a2
7"v7?f)<2ﬁ-dV  oﬃ-	ﬃf?f)<2ﬁ-82ﬁM%fq)ﬃfSs./2./0%ﬂﬁﬂ<ﬀD0%EﬀLG	)./	ﬃuSs./ﬀ./0%/)ﬁM'8B<2=Gﬃﬂ7
0%
gschicht
ﬀ=Gﬁﬂ./l<&%E%kVQy2ﬁ-ﬃ8)	1#$+ﬁﬂL1'*2"ﬃIvlﬃ-,)+qDLhﬀﬃﬂ=ﬃEﬀ0%Iﬀ%3
9;%ﬂﬃE=yﬁf<2#$_h)+<2<ﬀ%ﬂ	4LGC0%EﬁA0%';ﬃg+ﬁﬂ./<ﬀ2 	1ﬃ-`ﬁﬂﬀﬃ-%IP J
; ◦ 7:?f)<ﬀﬁ/TLhﬃ
q)+FLGﬃ`ﬁﬂﬀﬃ-%'3ﬃﬂ+P
3
4
; ◦ 7?u)+<2ﬁ/Tjllﬀ%*DB2+_HﬃE0Fﬃﬂﬁﬂ<2C=G+%Eﬀﬁﬂﬀﬃﬂ)+=Fﬃ-<2LGﬃ-
=G0%V  o+ﬃﬂ+ﬃ5 ")+ﬁﬂ<2ﬁﬂt+ﬁwSh2=GlB<2ﬁ!q)ﬃef./LGqﬀ%2ﬁ-%5ﬃ1vlﬃﬂ,)qDLh2ﬃﬂ=Gﬃﬂﬀ0%
=Gﬁ-./l<&%E%V
Qcﬁy4x)ﬁM%Eﬃ"ﬀﬁﬂﬃy{!ﬃ-)ﬁ-,)+q1#<22#+%IFLG62ﬃ	 2+ﬃﬂ+LG<2)+=q)ﬃlo./ﬁM%E6=G<22./dV
 "<ﬀ<2ﬀ|2CSh%EoﬃﬂDBrﬁw?flﬁﬂDLhﬀﬃﬂ=ﬃEﬀ0%Ebo+ﬃ-%_ﬁﬂﬀ./#$ 
- +ﬃ 
 Ss./+ﬃﬂﬀ%-%E 
lﬀ%3DG+l./2lBﬃ 
iW2<ﬀtﬀ DG7y)+ )sJK=GLCr'3ﬃ-WVaQy2!iWﬀ%;FLG
ﬀJ
; ◦ 7:?f)<ﬀﬁ!q)loB./ﬁ-%ﬂ'*ﬀﬃ5<2ﬁ 	  	  G  $		P TR
Tc#aqﬀ./%kV
ﬀﬁ-ﬃiWﬀ%
DO1ﬁ-2./wﬀ HLG=G&%E)+2l<ﬀrB=G%ﬂ2ﬁ-2ﬃ-)=I)+ﬃﬂ./Ss`ﬀs7M{(ﬀ%-%EﬃM7:*<2O+B%EﬀLGPiWﬀ%ﬂDLGﬁM%/h7
%E
T1
TI'*2ﬃyﬃﬂ+LG<2dVWQyﬃ"o./ﬁ-%ﬂ J
; ◦ 7?f)<2ﬁD,<N``s%cl+Y6 "0%E2<jﬃcﬁﬂﬀ./Y#$ﬃﬂﬀ%ﬂﬁ
'*2ﬃfﬀ {(<22./=G'*2./0%Eﬁ-q)ﬁM%/+C#$l+%jGFGLG)+ ﬀw2IHﬃE+ﬁ-FGﬃﬂﬁﬂ<2#aVhQcﬀ%
ﬃ-=G2#+%8ﬁﬂ2./ﬀ5Ss2=G<2=G<ﬀﬀ./h)+=JKUﬃySs`ﬀ./+LGﬁﬂh)+qq)
SSE(TE, TR) ∝ ρH︸︷︷︸
Spindichtefaktor
· (1− 2e−(TR−TE/2)/T2 + e−TR/T1)︸ ︷︷ ︸
T1Faktor
· e−TE/T2︸ ︷︷ ︸
T2Faktor
,
P 5hV
3
4GT
';L#a
ρH
JKUﬃ32<2LGDO<ﬀ*Q"2./0%ﬂcﬃ3=ﬃﬂ=%E Xﬁﬂﬁ-ﬃﬂﬁM%ELaDﬃﬂ(ﬁM%E,%VQ")+ﬃﬂ./`lﬁ-ﬁﬂ
B<dﬃ*9;2<ﬀ=G#+)=Gﬁ-`lﬃEBC%Eﬃ
TE
)
TR
DBB>C&%*{(<2ﬀ./,)=xP 5sV
3
40Tg2+ﬃIﬃIﬃﬂ
vD0%ELGﬃ-CJKU+ﬃ3tﬃﬂﬁﬂ)<&%Eﬀﬃﬂt9;ﬀ<2DBLG0%EﬃEBﬁ-%3#a%ELG0%g';ﬃﬂdVQcB#aaLCﬀ2ﬃ-%uﬃ8?Am7
ﬃE%ﬂﬃ
TR
+
T1
vD0%ﬂLGﬃj
TE
ﬀﬁ-%y)ﬁ-ﬁﬂ./<2=G=G#a6JKUﬃ*
T2
vD0%ELGﬃVQ"25v)ﬁM%Eﬃ-=G<
JKUﬃcﬀ X<A+ﬃ!9;ﬀ<2=G#)=ﬁﬂ`lﬃﬂ%Eﬃ"ﬀﬁ-%cﬀHAB#a<2<2 5sV
3
=G=G#$dVW "##ﬀ<2)+=ﬁ5sV B
q2=%3lﬁ;%h`ﬀﬁﬂ./!nLG0%Eﬃﬂﬁ-%-FGﬃ-l<&%E#$a9;%ELG,)=w+ﬃ82q<2+vD0%ELﬃﬂtl+&7
ﬃySs./+2./0%kV
ef2 8gBﬃﬂNB,%ﬂ2ﬁﬂﬃSs`2+./L{!ﬃ-)ﬁ-,)qﬁM%E<2<ﬀ%t2Yﬀ loB./ﬁ-%ﬂ  "#ﬁ-./ﬀ%-%#a7
ﬁﬂ./ﬃ-2#a E8ﬃﬂﬃ:7:?f)ﬃﬂ.<ﬀ<&7M42#$LhLG	7:{!ﬀ<2< 7MSs,)q*lBﬃV
)   
         
ﬀ
,   9GC
nyLG0%Eﬃﬂﬁ-%
TE TR
T1
C=G<2ﬀ./ﬁ-%ID,)ﬃ-qCP
6
3
@Bﬁ/T {(ﬃﬂ 	GLGﬃ-,)=wFGLG
T1
T2
{(ﬃﬂ	GLﬃﬂ,)=	FGL
T2
<2=wﬀ 8uﬃ-=G<22./>q)
T1
ρH
C=G<2ﬀ./ﬁ-%ID,)ﬃ-qCP
6
3
@Bﬁ/T <N=wﬀ 8uﬃﬂ=G<ﬀ2./>q)
T1
HAB#a<2<2 5sV
3
   !   "0  #	  ﬁ ﬂ( ﬀﬂ!   02(5ﬀ 
ﬃ
 # ﬃ -  !" 3	 "!
TE
.#ﬀ
TR
  #ﬂ# "02#4
ﬀﬂ"! ﬀ*! "0  	#4 !" ﬃ 
 (2( "# 02   02( ﬀ
ﬃ
 	#4  ! ﬀﬂ#

 "##+2<2+)= 5sV:BsD 0 #  ! ﬀﬂ!   0 (5ﬀ
ﬃ
  .# ﬃ -  !"    "!
TE
.#4ﬀ
TR
ﬀ ﬀﬂ#   02( ﬀ   #5!" ﬃ  
 !ﬀ)#& ﬂ3"#"0 #"ﬃ 02!1# ﬀﬂ"( (2ﬃ  0   # "!$ﬃ ﬂ0  ﬀ*( 05#
TR

TE
%  	
ﬃ
0 #50 	##

 *  (

 )
 
   #ﬀ"(  "ﬃ/ﬃ10   	# (20 #*ﬃ,#  !  4 ﬃ .
T1 
/!+ 	#"#4ﬀ*054 "%

.#ﬀ
T2
%   		#.# 
#*
&

  !ﬁ'!' *
)     )  ﬀ"! . +K+ ) .% +,ﬁ !" ) % !ﬀ
-
$ $ 0 ) *ﬀ"ﬃ  !	A %(!  ﬃ
ef2(#$ﬁ-LGﬃﬂﬁ"	
 8
ﬀﬂﬁ
ﬃ! "$#%
&'()*+(,
-./
10  
 0J      		!J   	 J
KG1G  J	 		320     45ﬂ67+98ﬂ
	:/+ﬃ
3
J @
7<;
") E=>?+A@B+>&&   E=> @
7

;
"()DC
-! &()E+F->ﬁHG9
;
")<IJ
'*K"L")MN+ﬃ<OP
'&&  QIJ
'*K"L")M @A4K:R
S>T:/
!U9&SV8Wﬂ
'ﬀ*X>+ 
H+ﬃY[Z\	FM J
; ◦ CT@B+&-]ﬃ
! P7+ 		 3 4 ; ◦ CT@^+ﬃ&-_Y`")&'(VZX-">a()&
! bM	 >9Zc
-")(Hﬃ7   @G   d2`-8Ke_**c85ﬂ86C48Kf_
?eﬀV9 &ghH")&()ﬁ+&'-i:/
'b9&-   @G   
  	
*K
! V8
f_+>! ?H-j:/
> ")&'k^
'-> ﬃ&3Rlnm
; ◦ C[@B+&'-^:/
>ipoq
'&qoq- ; -9&M$()DC

'-
+ﬃ(Zﬂﬃ=
'! r-! "J9+ﬃY`()+ﬃF%
>
;
->
*&'
T2
C[s/&utﬃ9
'")
;
>&")>F()(()

-.VZW
M	M$=:/

;
")vﬃ+Mw>ﬁ H9-
>x2y-8Xe_*ﬃ*c8czL8|{9LCT(74D8 -M$&}ZH:RbH9-ﬂ
'()H&
 m '	 )




"

 
 
90◦   
	  180◦ 
	 180◦ 
	180◦   	            
TE TE
TE TE TE
exp(−t/T ∗
2
)
exp(−t/T2)



 



 



 

t


 

  



  
M⊥
e_**ﬃ
&ﬃ+(azﬂ8ﬁﬀﬃﬂ 0 5(2054"! 
ﬃ
() !ﬀ "02#4"!"!  "$#%ﬂ
 "# & " ﬃ ﬂ0545ﬃ "(  4 0  	# '5C ◦ %
 .(2ﬃ ﬀ (#  ﬂ! !  ﬃ ﬂ054 ﬃ "(  4 0  	
 
 C ◦ %  .(2ﬃ 

ﬀ 05'   02(2ﬃ "02#( ( !  -  ﬃ$05! "#

&'05 ﬁ	+ 02ﬁ (  0  # ( ﬃ  !%* ﬀﬂ"! "0 # (2##) ( ﬃ #ﬂ0   !ﬀ ! .#ﬀ ﬀﬂ! 02!1!    "!1ﬃ$0
ﬃ
( "#
T2
%
 ()	+ﬂ50 	#3
ﬃ

 /02ﬃ "# ﬀﬂ#
 
5C ◦ %  .( ﬃ # /"! ﬀﬂ"# ﬀ*05 !  -  ﬃ105!  "#* 	ﬃ  .ﬃﬁ(5ﬃ "# 
-
1M$"M$7- I utﬂ
M?+ﬃM >
'! VZ:/
>1H-rY`6L+ﬃU"L
>5ﬂ
'()H& 9+-()&-\8
+ aM 9 ﬃ*X PhH67+U"L
+ﬃ( 
>-ikB! " 9+! aﬁ H->U9"ﬂ
'.VZ Uu M 9
M$
S^
'M-,/. ◦ C[@B+&-RM$ 10\
&'	
MNU)C[s +MNY32&'&cZ") ﬀH	iH! 
>ﬃ=9+ﬃY`()ﬃ")M,C
M$$0\
'&x
' s/ﬁX
'
'")->
S3*():=9>5:R>dM5+	8qf_ 4_M	,
-65>
 
7=@RI O]C[ﬂ67+,
->] >->&&'9* HG(
(b2 ﬂ
M$-Z\@B 
&'
ﬁ-8ﬂKoq+*X"<ﬂﬁ
'! ﬃ" 2`o ﬃk4
ﬂ67+:9LOﬃ9&HkB&>
:ﬂhW->Lﬁ
! "$2 hBﬂkR4BL67+ﬃn48LL
r
-.BHM	
'p()H+,+M ﬃ
hWU") kB! ")+()& G9()3-! &&'ﬀ&-/
'3U9")
;
7
")ﬃ&&'xﬂﬁﬃ
! "Fﬂ67+98ckB
*4_9! 7
'&

-. 
>"ﬂ! \Z\H	$M 9 bo ﬃk

hBﬃk C.L67+ﬃ U
5tﬃUxkB! "
S]+")ﬃbUu\8
kB-i:/+>EH ﬃ??#%()
<; *=3>1=@?BADCFE:= kB! ")
'x
(Y32 .V8qf]-5
->5
G0\
SVZj
'
;
() 7%:/
'-! M ﬃMH,/. ◦ C[@B+&-^+ﬃ M 
>
() kB! "ﬃZﬂH9-Y32^
'/&'cZJIﬀ"7-.
*K->
M	M$1U)C[s +M	
&'F+ﬃ-()&-><:/
\8
+  M 9 
d
&' kB! ")-a
'! 7a+-Gu&'
! ﬁ H9-ﬃU"L
>VZﬀ:/
 
'd-&*X U)C
sﬀ9+M$
'&r
M	M	g:/
R+->()&'->c8ﬃﬂ"5Uuﬃ M$$M	
'^
MH,/. ◦ CT@B+&-M$ ﬀ#%
&'
()&
! 
S
( +ﬂY` M	\8I 5-ﬁ>
! BH*X

;
")x
    KADCL=@G $M=
L
N= 89fﬀ
%eﬀV9 &ﬃ
e_+ﬃY` M	1->ﬁ
'! ﬀﬃ kB! ")+ﬃ()& Gﬃ()8POM #R
&FUuﬃ<ﬃ
tﬃU5kB! ")
Sﬀ+()DC
")ﬃx:R>c8f_
'F
'& #%
'&?+->! 
' -
! 7+,
 $ﬂ
()&-.!G>UE
)     
	 & #
 
 #   

1 
 
,

'&bkB! ")-ZK
3:/
>+M
;
")M
T2
C 0\.Yy&& *X-.
'M$M5ﬀ
-.V8XkB
iﬁ
Stﬂ&':R
->5eﬀH&L->

--%tﬂﬁX")7
&&Fﬂ
'()H&*ﬃYy&'&-p&
Y`.RE
'ﬀ(:R*XV* G()
'()
T2
C 0\
'U")-.!
Y32 
>ﬃ- 
ﬃ&'P@B
Stﬂ& 8

     
	
 

ﬀﬁ
4ﬀ*K<ﬃ ﬂﬁ
'! ﬃ"$#R
&ﬃ()*+ﬃ(ZL/kB! "L>+ﬃ()+(	+>! J>ﬁ H9-
xlnm/. ◦ C[@B+&'-Z
()
*ﬂ_-+! b"L! b
'xIﬂ)(&
! ﬃU
SVZKkB! ")-]+ﬃ! aH-PL! H&'
;
") O
'cZ\
'-*XC
-")ﬃ>]M hH6L+ﬃU"L
()
\Zﬃ+ ﬁﬃ H-
'>c8I E->ﬁ
'! 7=H
;
") ﬃ "!$#:C&%
=('NA=(' =*)*+-,x2}OPs kR4g#R
&ﬃ()*+ﬃ(8eﬀ&-B
'rM  G+/.H()-.
;
>:RﬃIJ "LZﬃ
/+ﬃYK
OP
'! "i#%
'&()*+(*X>+ VZ7-"&&
'x
-MNeﬀ*-! ﬃ
'>Rﬃ
/h 9->10 " : e (& ﬂ "9
2 hﬁ0 e]/2]4pﬂ67+
;
")>()-.&&'q:Rﬃ4352ﬀ)->Vm7698 89f_g
S&
'! e_*&+ﬃYH
ghﬁ0 e:2 ﬂDC
67+i
-.ﬀ
'Jeﬀ**c8Kzﬂ8Qm	()->&&SVZ-ﬀ
S&
'! 5^> H&'<_I (
-
'>+(	
<e_**c8
zﬂ8 ,ﬃ8
<;>=(?A@5B"C
gfreq
gph
gschicht
RF
DFE*G
B"H
EJI
 
H
EJKML
B
α NPO
I
@AQ
TE
e_**ﬃ
&ﬃ+(,zﬂ8Qm ﬂ SR*TVUXWPTZY\[]R*^ _9Wa`/b>cFR*Td]R*^fe 	 1  gRih/bjR*dlk>m &nR*oqp(Y\[lTZY\[]UXp(RrWXR*stUXTVuMRrd)ﬀdl^(R*v
w
b>d
w
pVxﬁb>WpyozT{U|eFWT}x~TPd/sjR*W
α
c{MW
w
UTXR
[-`9p(RrdlsjjTXRr^<b>d
wg
ﬁb>^ye-^(RihlbR*dlkisjjTXRr^<b>d
w
~TP^J
k7b>d-Y\[lp<UﬁR*TdG&Rx[g`pTXRr^<b>d
w
p
w
^r`TZR*dtU
w
R*p(Y\[-`9WVUŁRMU

&`9dg`Y\[  ld]lRU~F9[l^JR*d]zlR*^ gY\[g`WVUb9d
w
R*Td]R*pRx][g`9pTZR*^b>d
w
p
w
^*`$TXR*dtUŁR*dozT{URrdtU
w
R
w
R*d
w
R*p(RUk>UR*o^kRrTXY\[]RrdTXR&y`/URrdg`/b>c&d-`9[loR
p<U{`/UU

`$Y\[lR*^ &`/URrdg`/b>c&dg`[loR~TP^JTXR^(R*pUWTXY\[]R*l^r`9dlp<uR*^"p*`9Wo`
w
d]RMUXTPpTZR*^b>d
w
tb9^(Y\[
:`9pgY\[g`WVURrduMd)>xTPWav #f^r`TZR*dtURrdkRr^p<UŁM^<U

  . 	


/ 
#
α
e_**ﬃ
&ﬃ+(zL8ﬁ, ﬂ/SR*T{UR*dtUV~TZY\sjW{b>d
w
lRr^	 `
w
d]RMUXTPpTZR*^b>d
w
_/R*T # -Rh/bjR*d/kR*d
 a:
b>p
w
`9d
w
pv
pT{Ub$`/UXTXMd
S$TXR #R*pr`9oUXo`
w
d]RMUXTPpTZR*^b>d
w
kMR*T
w
U1Td
B0
v TZY\[]U"b>d
wg b:
&nR*^
α
v{fb>WPpﬀsW&`xlxFU
M‖
TPd*TZY\[tUb>d
w
l^r`9dlp<uR*^"p*`9WZR_/R*d]R

TPd tR*TW|uMd
M‖
_9WXRrTŁ_/U R*^"[g`9WVUŁR*d
 c:
&nRŁx[g`9p"TXRr^<b>d
w
uMd
M⊥
 d:
&nR*^ Rx[-`9pTZR*^<b9d
w
p
w
^*`TZR*dtUﬁ~TP^JR*TPd
w
R*pJY\[g`9WVUŁRMU
e:
&TXR 9xTPdlp^JRx[-`9pTZR*^(Rrd
 f:
ﬁb>o
SR*T{UPxﬁb>d/s]U
TE
TPp<U1j`9p:T
w
d-`9W ^(RŁx[g`9p"TXRr^<Ub>d]4:`9p|Y\[]`/b>p
w
R*WXRrp(Rrd
tdg`Y\[ U{`9^s

#%
_<Oﬃ
! " #%
&'()*ﬃ+( :/
' 
'vM$"M$7
;
" Hﬃ 0 ")(
'+ﬃ
H9&SC
M 9()
->
>+(
M‖
+M 
ﬃ + 
U9&
α<90◦

<s/
! +ﬃ(,op-
;
>-&'*Xi()U7& 9ﬁﬁﬃV8
ﬂ")M	
'p>()
*ﬃ -
'! 	ﬃ
UBH! ,M
α
CT@B+&-g
 + .gY32g
'=oq-
;
-9&M	V()ﬃ
'-
'+ﬃ(
;
")
M⊥ = M‖ sinα
2}zL8'lM,)4
f]
α
U7&
&-1,/. ◦ 
-.VZ\*ﬃ&
'*ﬃ
'M$M	_+! a
'bop
&g0 ")()
S+
'H&'M (
-
'>+(
*K-> c8 4_! 3e_ﬃ(+(<*K()
P
'	@^ -U"L
+ﬃ( &")(F+ dLﬁ
! "
ﬂ67+c8gfﬀ
$ﬂ! H&S+ﬃ(J
-5f_ﬁ H->
+(-()
 
 hH67+U9"ﬂﬃ
>
'! 7+(
+1
'-r! ﬃY`")&'()ﬃ<s ﬁ H->
+(-()
1M	
'%()()ﬃ()->M%5^")
! ﬃ
>+ﬃ(,H +ﬃM 0\
Sﬁ+ﬃU
TE

' OP
ﬃ! "8Beﬀ-	&-x*X
% ﬂﬁ
'! "uC
-6L+ﬃ U>ﬂ 
$Oﬃ
! "bﬂ67+dﬃ
T ′2
CTeﬀ
'&gioqﬃ-
;
-&>&  C
tﬃ9
'")>"ﬂ! 
! xU9")M$ﬁXﬃ-
c8 f_-,O
'! ﬃ" ﬂ
()&^.YyG&&Si+ﬃY`()>+d
-! ﬃ&&'>
T ∗2
C[s/&  tu
"c8
f_5^").
&B5OPs k ﬂ67+d()() 2*X3dﬃk ﬂ6L+ﬃd
'->3
xop9-! 9Zp	
 j
 
	 & #
 
 #  

1    l
+>! $
'/

'()xeﬀ()+()-.:/
U9&X
M	M$ ->! ") (7+( 0j"()
'+
'H&M$()ﬃ
'-
'+ﬃ(
Y32gxHG! -.$eﬀ()+()->ﬁ+&'-B+ 5^>Y32(+(-> VZ") rH	]M 9?

T1
CTs & utﬃ9
")
gI ()ﬃ
'-
'+ﬃ(*:%>xM 2	98uf]9M$
Sp:R>?:R->&'
! ,U 2=s ﬁK
'
")ﬃ-
SC
<
'M #%>
! 1

'()RM$-=M ﬂ)()&'
! cZ:R"ﬂﬃ+! F:/
>+M ﬃ
 7>-+! 7+(H+_> *LC
&
'! 
;
U 2/:/
\8f_
'+d9 &\-/h &
'ﬁ:/
U9&-
α
 H9=*K
\ OPs k L67+ﬃJ*XﬃYy9&&-
kB
H+ 	$9+ﬃY -Iﬀ")->
;
 H&Sc8
ﬀM*K
ﬃ-"PU7+>$s/ﬁX
S
'")-
S5U
' Lﬂ)->
()H9&
;
")
;
")()(($s/ﬁX
'
"9C
i+?*XU9")M	M$cZV:/
>5*X
75hﬁ0 e/2 ﬂ6L+ﬃx
'oq9-
;
-&M$()ﬃ
'-
'+ﬃ(Zn
'
H! xﬂ
'()H&+->&->$ﬃ"ﬂ! 
;
")&'
(VZj+>! +-G9&
'! FOﬃ
->! H&'+()
;
")&'&SC
->G
'(ﬀﬁ H->
>V8uf_
'-> 5^"(ﬃ(ﬀgM$	
-,BCKC&'8 h 2j()-ﬁX")
&SOPsﬀkbL67+ﬃ
()
&S=
']Y`")&(3L
()H9&()&'
! 7+ﬃ( ﬂ
SGRE,spoiled(α, TE, TR) = ρH︸︷︷︸
Spindichtefaktor
· e−TE/T ∗2︸ ︷︷ ︸
T ∗
2
Faktor
· (1− e
−TR/T1) sinα
1− e−TR/T1 cosα︸ ︷︷ ︸
T1Faktor
.
2}zﬂ8 z:.4
kB
E
'd?U7&
ﬃ
-! ﬃAs/")+ﬃ
'  G+/.H(
;
>:Rﬃ"5>
  xhﬁ0 e/2 ﬂ67+1
->

?I ()ﬃ
'V9
") @Bﬁasﬀﬁﬃ
ver6L+ﬃ
-
S
'")bOﬃ
]k^! ﬃ" 2}I @^s/e O3k4]ﬂ67+98
TM O()-uF+ﬃx")M$&'dhF0je]/2 ﬂ6L+ﬃ1 H9?
1IJ@s/e OPkU
F->! 
! -&'U)C


;
1e_>()+ﬃ(Z^-")ﬃ> M$A(9$ﬃ+! ﬃ
2_hjC[@B+&->1
 (ﬃ-5^")&'+M$ c8^f_
'

>->U"L
+ﬃ(J
' L! 
! ->&'U
'")->
! +ﬃ( ()-! 
' i+! 
'x+-G9&
'! 	@^ -ﬂC
U"L
+ﬃ(8Hf_
'-3oq! 
'UE

.-U9"ﬂﬃ
>+(	ﬃ7ﬀM$
 
f CT#%
&'()*ﬃ+(8
e_+	ﬃM :/
'A*K
r$I @^s/e O3k
;
"),	
()&
'! A#R
&ﬃ()*+ﬃ()-->67+J
A-"uC
()	T
;
>-
"-ﬁ+ﬃ&-x
'()-> &SV8pf_
-5U ﬃ>,
'E#%-+ﬃ()- &r,k^ﬃ(
C


;
V+ﬃ-x
M s +ﬃ +->A+M +A->&&S5M$
S5
 +-G9&
! ﬃZ ﬃ+ I ")9->67+&&'
H8
 ﬀ
ﬂﬁﬃ! 1:! ﬀ!"l$#&%('
f_
%*K-")ﬃ-B->! &&/kB! "3@B& 9H

.-U9"ﬂﬃ
>+(Uu\Z9:/
%
?eﬀ*-! ﬃ
'RzL8|zﬂ8 {_H>()C
&(VZH()>+-G9&
'! JM	
' > e_.
;
")bLﬁ
H9()+(	U")M5*

'.r:%c8 + 
'1-
'iM	
'

'M
;
")
'()beﬀ*-! ﬃ
'>?zL8
 
8
 
>& G+ﬂ. OP
ﬃ! "1e_ﬃ(+(1U")M5*

'.VZ\->"
*KU")M	M5ﬀM 9 
'xO
'! ﬃ"9C[k^@)32}OPsﬀk CTk@).4ﬀﬂ67+8 + 
'i*X
p&'&vOP
'ﬂC
! "-67+v
-.r+ﬃ! F*K
\/O3s k C[k^@)ﬂ67+P
_s & utﬃ9
")$%op-
;
>-& C
M 9()
->
>+(?ﬃ+! J
T ∗2
C.IJ! H
'-M?+ﬃ- *X-.
'M$M58f_
'->
T ∗2
C[ﬂﬃ-
'

;

'G9=+ﬃJ
' 
  z 	


/ 
#
 ") 1
'&
'! 1e_+-ﬂ-+( M 9! 7	
'JO3s k C[k^@)5+ 
',()
( I< ﬃ"ﬂ1Y32,
'
#%
&'()*+(
;
")b/LH9M$
'-! cZcﬁ $L-
'")&")(
-! ﬃb@B"->-cZc:%&! xﬃ
5&'")Uu&iﬂ+ﬃ-ﬁﬃ
 C
*
&'
'G9
;
")<*
")&'")()
'-! M O:R*X3*X
+-->c8
2ﬀ
'+FVG ﬃ&F
->
'-r
_@p>Y`+->
")
;
"2 
>():R*X8f]+F:/
'FM @ u

;
")
,#R
&ﬃ()*+ﬃ(b
' ﬁM$()ﬃ
'-! -Iﬀ")-.M	
'&:/
F8Q#_8OP")&'

'+M 
 >

'.V8
+ P I ")9->M	
'>&*X")&+-ZD 
'^#%&+ﬂ>C2 
>ﬂC.ﬂ! ﬃU9g
'! 7qﬁH9--
'>PUucZn+ﬃ! 
H-2ﬀ
>():%*KiﬁK>Y`+ﬃ
.VZ
;
U 2>Pﬀ*K
p->
'_@ ->-()i

T ′2
C 0\
S -PO:R*X-Z
:%&! -ﬀ- #%&+ﬃ()YyG	x+M$(
*ﬃ8f]-ﬀﬂ
'()H&\
M	M5=
'1
-M #%>
! J*c8
f_
 :R
' :/
! 
()veﬀ:%+(AY321OPs kgCTk^@ﬂ$ﬂ67+ 
->E
J-")()HaY`+ﬃU)C

'")&'&?I ()>-"H")M	")()ﬁ 
'<2`Y I s o 4]*H9-
 9+ﬃY=M -"()H9 #%&"L"L

t:L()H9
") 0 
;
&rfﬀﬁXb2y#

0qf]4 Iﬀ")-.V8geﬀ*-! ﬃ
'$zL8|{ () xHG ,+ﬃY 
'
ﬁ $L-
"&")()
'-! JOP>+&()1rY I s o +<
3f]9H9+->:R.+($
'c8
e_+ﬃY`(+3
T ∗2
C[ﬂﬃ-
'

;

'G9c+ﬃ5j& (Pe_+->&-
Spﬃqk^@ﬂ

.->U"L
+( M$! 

=O3s k C[k^@)j&&'>
(-q(()J2ﬃ*KLrﬂ)>+()?+>! ,
! B>:2->! Z&'")Uu&Rﬂ+ﬃ-ﬁﬃ
 C
*
&'
'G9-G+(3- ﬃ^ﬃYyG&'&
(ﬃ8nf_
%#%
&'H.Yy9U7Z 
'%Hﬃ+! x 
;
")()+ﬃY`x:%cZ
-
'1
1e_*->! 
S_zﬂ8
 
U7& G9>V8
h 2R
ﬃ+-.Y32 &'
! _f]>->&&'+(?/k^@ﬂ}C[ﬂ67+J+ﬃ1
 >%eﬀ:%+(<-
c+ﬃY
3 7!>Uﬃ,:,8j+ 3Qﬂ! M	
' ,)m8
;
.:/
->c8
  
	 	 ﬀﬂﬁﬃﬃ !"ﬃ$#%&
TJﬃ_I s op"M$")(ﬁ ﬃ
]()
'*ﬃ/- V9 &>
! ﬃ(']+&&'FY32 #%
&'->ﬂ)+ﬃ()\8 TJ
'->M e_*LC
-! ﬃ
'/->")&&'F->ﬁK
&&XY32r
*X->")- ﬃYyG9&&
'()_O3s k C[k^@)=ﬂ67+3
' ﬀ-! J
e_.Yy9U7PH(->&'&'r+ﬃ)I ")>U+>Mzﬂ()&
'! U
'<+ﬃY`()
'(=:R>c8
 *) + 
	:ﬂ"lﬀ-,
ﬂ 


:/.*101/! 
f_
R*K
?Y32 ﬃ
->re_>*K
'g>&'
;
 ﬀ-! 
;
"),#%
'&H.YyU5-
ﬃ,@^ -ﬃY` &'Z
;
+>-! 
;
8Qﬃ8 +! T ")M	")()
'G9i
'M O+ﬃM (>Y`&\ZV+itL9Z9
U9")ﬁﬁX&LC
2ﬀhqC.79 &+ﬃ(87h 2
' :R
S>Y32 >ﬃf]>->&&'+(5ﬃ-r@B"*&M$-
;
")E#%
&'H>YyU)C
J->
 350 +Um{>8 + 3 7!>Uﬃ,:,98jM	ﬁﬃY`") &'c8
 j
 
	 & 
eﬃ G

&   	G

  eﬃ  
 

e_**ﬃ
&ﬃ+( zﬂ8'l. ﬂ
 
TPWZ:`9^<UŁR*cX`9stUtb>^JY\[ RURr^d]Rrp[t:Y\[lc&^JRh/bjRrd]UŁR*p RrWXR*stUX^(Mo`
w
d]RUTp(Y\[]Rrp
	RiY\[lp(RrWPc{RrWX

&ﬀTXRY\[g`9^r`9stURr^TPpUTp(Y\[]RrdG]U^(RrTPc{RrduR*^"W&`/b>c{RrdR*dtUWa`9d
w
lRr^
eg^JRh/bjRrdlks:TZR*^"^TXY\[lv
Ub>d
wg

ﬀﬁﬂﬃ! #"%$&' I s op"M$")(ﬁ ﬃ ->
J
M eﬀ&&(M	
ﬃ
;
")v
M hX9uC
H<L-!  IPG9.H(P+M	()*X\Z)Bﬃ ﬀ->+! 7+()->+M ()()	&'&%&U7")M$()ﬃ
'-! 
+ ! -&'Y`&,*-! ﬃ
MiV8pf_
-x(-! 2ﬃJ#R
! :/
> &'-2_hjCIP*
' *X
! ﬃ8
hW&&'-_>"xiﬂ! 7+ﬃ
;
")>U ﬃ+(A&'U>")M 9()
->! $L &+ﬃ(1
M ->ﬁKU9& #%DC

! a-P#R
&ﬃ()*+ﬃ()-->
()&-ﬀ
b
'2_hqC IP*
ﬃ5()& (9VZK:/
'b->

;
") ﬃ kBM$ﬁﬃYy9()-.C
-ﬁ+ﬃ&d+ﬃY`()")M	M$ +
;
>+-! ,
M #%
&' ! U
'->
-! ﬃ1L>
SY` :/
' 
 e_**c8
zﬂ8SlM.J()
(8 OE! AhH67+E-	Lrﬂ-
'()H&'- 
EL>
'Y`dT:R,
d@B H C
-U"L
>
! +ﬃ(v2`
.Y`67+VZW8Q#_8XﬂﬁH97+()->n4 "L/hW>67+U9"ﬂ
'>
! +(
2y "L! ﬃY`>67+ZX98 #ﬀ8P7%")M$ﬁﬃ+ﬃ!4r+ﬃY[8
f_
$->ﬂ)A&U")M$()
'-! $+ ! -&'Y`&'5U>ﬂ)ﬃ +-?M	 ﬃ> O 2ﬃ 
'

2_hqC I39*
ﬀ()&()c8N0\+ﬃM 
FU991-r-
cZﬂH)(x/hWL->! 6I3G.H(?+ﬃ
! 
:/
>cZp98 #ﬀ8 +>! ":;KEo 2ﬃ "L5&'U>
->! &
S I39*K&}Zj
$
dﬃ
z2_hqC I39*

()Y32ﬃ >/:Rﬃc8 0\+M ﬃ> UuﬃJ-_*X +ﬃ! -
cZH)($->
! <
 ']+&&
'1ﬀ2_hqC
IP*
ﬃ*K(.HVZH8Q#_8W
' W!U9>xO& 2ﬃ L*ﬃ
ﬃ8
   	


/ 
#
   ﬃ     &"  + 

'1Je_*->! 
'>bzﬂ8 zﬂ8 {x+ﬃvzL8
 
8   *K
'-/>:%G VZX-
'1
->*KDC
-")ﬃ> OP
ﬃ! "ik^@ﬂ ﬂ6L+ﬃE9ﬃYyG&&'
( ()( 2*X#%
&'H.Yy9U7c89f_%O+ﬃ
Y32%ﬃ
->8 o8ﬃ *&
'! JLﬂ)+ﬃ()F&'
(9%
-
'-=
Eﬃrop9-! ZﬃH)(x*X
\ﬃ/OuC

ﬃ! " #%
&'()*ﬃ+( ()+ﬃ-G9&'
! 

T ∗2
C 0\>Yy&'&=	oq9-
;
-&M$()ﬃ
'-
'+ﬃ(
;
")>&
'(Z :=9-$+ @B H->ﬃY` & Y32ﬃ >8eﬀ>-
'-$
-.$ﬃ
<k^@ﬂ?f]9H+ﬃY` M	<M	
'

 > & 9() kB! ")82() ()( 2*XJ@^ -ﬃY` &'> *K-")ﬃ>- ﬂYyG&&'
(8Rf_
- *K

4_! 
&'
;
-.!G>U ->
! v*X
pPOPs kgCTk^@ﬂ #%
'&(*+ﬃ( ()()->
S
(ﬃ8 0\+vﬃbe_.YyU)C
cZ9ﬃ
+! ,@B H9-ﬂY` &'
;
+ﬃ-9! 7^->
\Z9() lﬂ)>,#%
'&
;
>+(cZue_*->! :=G! 7+ﬃ(
*
-j 
'5+?U")M	ﬁ&'3e_+->&Pﬂ)->! 7+()x-^IJs L
()H9&- +5
-")(Hﬃ7 = A AX%!	
	M=(J%
P=(	)*+JCL=:'8
0 r
-.^
'rhH")&(=H
;
")\Z)H)(P
'0jM$">Y`67+rﬃ+d9---.":;KU ()>
(9Y32()
(
;
")<
 ﬃ%! M	
->!  ﬀM	()*+ﬃ(	* HGﬃ(V8Hfﬀ
0jM	")>Y`>67+ﬃ
;
") +d->-->":;KU>

ahH>P
-.P()() 2*KPP
a9> OP:%*K +M
 
Z
 
ﬁﬃﬁM > lﬂ) VZc:%-P*X
rl)Z {9o 
SC
M hH67++ﬃ7>-! 
'
;
")vzLlM.72ﬀ_->ﬁ
'! 78XIJ
'/
=e_+ﬂY`H M	M$9>
St
;
"
1282
+ 
ﬃ 2*&
'!  e_+->&-**>
Sv
' hH67+DCx*:P8=@B H->U9"ﬂﬃ
>
'! 7+(
;
")
l676 ﬀ*:P8\l
 
22ﬀ@B
Stﬂ& 4BY32ﬃ >RH-R+E
 5^>-! 
'*+ﬃ(x:/
'-! 1hW.Cg+ﬃFs ->*
&'
;
") l6?#%
'&ﬁ+ﬃU\8ﬂeﬀ+ﬃYq
_hW.C + -->.CL5^>-! 
'*+ﬃ(?:/
 
M + 
'>F
'! 7%HG 

'()()()cZ^H 
'*+ -->-.":;KUb
'M hW
;
")  #%
&'()*ﬃ+( ﬃ+! 
 Y`DC
67+-&U

;
 hW()+(-ﬁ+&'-?+A9-! &'
 ()ﬃ ﬂﬁX")
& C.Oﬃ
P->"bﬁGﬁ
'>
:% U9ﬂ)cZjH)(F*X
BH! ﬃY`"&() #%
'&()*+(--67+,H9-ihHU9
 ﬂ
'()H&
M$ r()
'*ﬃ3 s ")->Hm
 
8}8
#%
&'
;
>+() ->
 
' hH")&'()xH
;
"cZp)(Jﬃ


.->U"L
+(<+>! 5>
 9
")b
0jM$">Y`67+^+q#%7+ﬃ+ﬃ(
;
"5").-9* HG(
()cZVM$()
->! 5O
'ﬃY`&'>
+>! ()Y32ﬃ >^:/
>c8TMN9UL67+
'
'>$ﬂ
'()H&ﬂU99$ﬃ
! ^+-! ﬃ
ﬃ :R>cZ7")*,
'r&"9C
Uu&f0jM	")>Y`>67+ﬀﬃ+! Eﬃ
ﬀOP
'ﬃY`&'> lﬂ) %*ﬃ:P8Lﬃ
ﬃ
(9B:/
\ZL"L98 #ﬀ8
+>! &"U99& T ﬃ")M$"()
S!G9 - O+ﬃM (>Y`&ﬃ-8)T *K
 hgG&'& ﬁG
'>

xﬂﬁ
ﬃ-&")Uu&p-! &&'*:P8 & (-M	ﬀ+ -M	M$&v
'b
'()()*X 0\
'VZK& 9

;
+
H9ZH+-! ﬃ
ﬃ&
! 
;

& @B H-
<;\ﬃ?c8
#%
ﬃpk@)}CT#%
&'()*ﬃ+( U")M	M5q
-pk ;KUpCX:/
'R9+! 5
'hW.C + -->.CL5^>-! 
'*+ﬃ(9C
7+R
'$ﬃUCTsﬀ9+M$>
! +ﬃ(i+MNoq()cZ7
 M	
'^R()
'()>$#=ﬃ*
'9Z7c8Q \8L&(9C
-M	ZW+->()&'- :/
>c8Xf_
-_
'-> *K
j_k@)}CTf]9H+->&-?
'3@^ -U"L
>
! +ﬃ(8
Td
'-?s/
! +ﬃ(vU>ﬂA->
! d
'E@B H->ﬃY` &?M	
'3 0\
'5U7U7+M?+&'
 2y-8 e_*LC
 j
 
	 & 
eﬃ G

&   	G

  eﬃ   {
   
e_**ﬃ
&ﬃ+( zﬂ8Sl)l/ﬂRr^
w
WZR*TZY\[ k9~TPpJY\[]R*d RrTPd]Rr^dg`9[]Rrk7b p<U^<b>d
w
pc&^(RrTXRrd  ﬃ&`b>dt RrTPd]Rr^
#
vL
b>c&d-`9[loR o TVUFY\[g`9^r`9stURr^TPpUTp(Y\[]Rrd ^<UŁR*cX`9stUŁR*d	Ł_


&TXR#
vL
b>c&d-`9[loR
kRrT
w
U jT
w
dg`W&`l_9pJY\[g~ﬁY\[tb>d
w
R*d _9TPpﬁ[/TPdk7bb9pWXp(Y\[tb>d
w
Rrd`9d/R*d 9dtlR*^"d/R*p[g`9dtUMo p

&TXR
w
Rrp*`9oUReM^o /R*pﬀ
[-`9dtUMo pfTPp<U
w
R
w
R*d-_/R*^ylRr^    b>c&dg`9[/oRﬀTPd4[g`9pJR*dls:$TXR*^v
^TZY\[]U"b>d
ww
Rrp<UX^(RY\stU

&TXR^(jUŁR MdtU"b>^ lRblURUﬀTXRUV`/UXp*Y\[lWTXY\[]R #RiMoRU^"TXR&`/b>p    `9d
b>d]4TXRrdtU
`9WPpR*c{Rr^(R*d/k

-! \8^zﬂ8 zﬂ8|{43+AH9! xhH")+ﬃ
 2!U9->Y`")>M u
" +$5^>+()A-,#%
'&-5
'
-ﬁﬃ! ﬃ s/
! +ﬃ(1Y32ﬃ  2`-8ceﬀ**c8qzﬂ8Sl)l 4D8 TaUCTsﬀ9+M$>
! +ﬃ(Z\ﬃ
?M	
'
ﬀ lﬂ) b#=ﬃ*
'i+ﬃY`(")M	M	1:/
\ZK9&-"	
'5hH67+U"L
>
! +ﬃ(ZX\Z
:%$2*X> H+ﬁﬂVZqL+ﬃ65^>+() +ﬃY[Zj
'	(
'()3->
 &-P
'

.-+-ﬂ)->+(v+ﬃ
-
'! HM	
'/ﬃ
! ]9+ﬃYg
'3#%
&'67+H&
S!G9r+->:/
'U9 U9ﬂ)c8Kf]-_->&'*KP>
 ;X +! v9+ﬃY^ﬂC
> OP
'! "-67+ +cZ%
'vU
vk@)}CTf]9H+->&-a H*XcZ:/
v98 #ﬀ8%
'
hﬁ0 e/2rC.ﬂ67+98
ﬀ)5^>H! &G-->
()+ﬃ(
;
") s & utﬃ9
")ﬃ-ﬁ>")-- + eﬀH ﬃM$ 
ﬃv#R
&ﬃM 9
 t
Nx ×Ny Uuﬃ<-rM$
S/@B H->ﬃY` &r*K H9Y iﬂ
'()H& Sf M	
'rOP&'
! 7+ﬃ(	zﬂ8'll+ zﬂ8'l<6
()->! 
'*X<:%v&'-
Sf(m∆kx, n∆ky, l∆t) =
∫∫
|M⊥(x, y, 0)| ei(m∆kxx+n∆kyy) Ψ(x, y, l∆t) dx dy 2 zﬂ8 zﬂl 4
M	
' −Nx/2 < m < Nx/2, −Ny/2 < n < Ny/2, l = n+Ny/2 ,
:%"*K

∆t
Y32ﬃ_
'0\
S_:/
-! ﬃ :R
B+ﬂY`
>Y`")&'()ﬃ?kB! ")--. 8 f_
- 0\
'ﬀ*KDC

!  M$ +! &-)*+-,!  	 A{!>'t# "ﬂJ%)*+-,% 
/!j) C&' ﬀu8^f_,oqM
  6 	


/ 
#
Ψ(x, y, l∆t)

-./ @B H->ﬃY` &>M 
<@B H-U"L
'>
! +ﬃ( +ﬃJ()
'*ﬃ/-
'! J+
Ψ(x, y, l∆t) = exp(i2piωf(x, y)l∆t) .
2 zﬂ8 z)z)4
f]*X
-> 
ωf(x, y)
Y325
'$G+M	&
'!  5^>
&'+( &&'3hH67+
;
>-! 
'*+ﬃ()cZ^
'
+J@B H-ﬃY` ﬃ&><Y32ﬃ c8N5^+ﬃ-9! 7 :Rﬃ ->

;
") &&'M +! T ")M	")()
'G9F
M
OP>+M$()ﬃY`&cZ*X$+ 
M ()
'()> oq
'&_9+! +>! 
S&
'! 
;
G9>&
'! 
I ()ﬃY`&+U+H9
")ﬃ,+>! + 
'*X&-."ﬂ)M$9Z
'
;
") O
'-! &'+()	
',&U)C
>
-! <&
'3#=9+ﬃ
&ﬃ- op")M	")()ﬁ J
'+
>/:%c8Kf_
 T "M$")(
S!G91
M
B
C[hH&'i:/
>+M ->
x
=hW"&()Rg+ﬃ
' 
S&'
!  5^.
'&+ﬃ(]L+-ﬁﬃ
*
'&
'G9q
M
+-+ﬃ! 7 5^")&'+M$ +ﬃv_o 9-! ﬃZ\)(EI (_
ﬃ5ﬃ&
'! 5eﬀ+- 7+(
 H9_+vH9M$
S_()>+-G9&
'! v
! 
;
")&'&U"M$M	J ")M	")()J-
vUu\8cf_
'5-+ﬃ-ﬁﬃ
'*
&'
SC
!G9-*X
'(&T ")M	")()
'G9
∆B0 = (χ1 − χ2)B0 2}zL8|z   4
 HG(<
! ﬀL+ﬃ
;
")  f_
 ;K>3_ﬂ+->ﬁﬃ
'*
&'
'!Gu1
' O:R*X l3+ z,*cZW-")LC
>3+! 
;
")3pLGU9^-pO+ﬃM (>Y`&ﬃ-
B0
8nh 2ﬃc:=! ﬃ-ﬃrI 9()>Y`&'->GU9
:/
>U<-
'! Jﬃ
 ﬀ*X>(G(
1ﬀﬂ+ﬃ-ﬁﬃ
'*
&'
'G9=+ ﬃM$ (9

;
9+-8
h 2
']ﬃ()"M$M	ﬀhH6L+ﬃ
;
>-! 
'*+ﬃ(
;
")blM./.>2ﬀZ7
%e_+ﬂY`H M	M$9>
St
;
")
1282
+ 
 2*&'
!  eﬀ+-&'-*Hﬃ*
' 
 hH67+DC*:P8g@B H->U9"ﬂﬃ
>
'! 7+(
;
")al6>6 ﬀ5*:P8 l
 
22ﬀ@B
Stﬂ& 4Y32 ./H-/+1
 5^->! 
*+(
;
")ﬀLZA6,#%
'&ﬁ+ﬃUF
'
@B H-U"L
'>
! +ﬃ(8Xf_
5^-! ﬃ
*ﬃ+( 
' hH>67+ﬃU"L
'>
! +ﬃ( 
'-> +M :%
gOﬂ9C
()ﬃ")7+ﬃ()3U7&
'\+PHM	
'
;
>H! &G)()
'()*H8 TPcY`+ﬃU
"&'&I srCT#%
&'()*+(Z
:%" H + +ﬃ
;
>>>Z% ﬃ"ﬂ! H9+ﬃY`()&ﬂ)->vIJsrC e_+ﬃY`H9 M$ M	
'	.
;
>> k^@)}C
f]9G2ﬃ*K& 9().:R>\ZﬃUu$
-5^>+(5+E *&
'! cZ7
()"->
'-! $&'
;
ﬂC
 hH ﬃ&&"U99&
-9
'")	Y32 ﬃ 2y->
 Pe_*->! 
'>_zﬂ8|{48
ﬂ
(H& 9+-&ﬂ)-! 7+(1U>ﬂ)ﬃcZH*K-"	:/
P#%
'&
;
>>+ﬃ()cZW9+ﬃY ﬃ
T ′2
C e_
&c
T ∗2
C
s & utﬃ9
")<+ﬃ 2!U7()Y32 >:R>\8 T ")M	")()
'G9 
'M I ()Y`& Y32 ﬃb+vU7+
T ′2
CX+PHM	
'
T ∗2
C 0\
Sc8+ P
'
T ∗2
C 0\
Sc 
'
! 3UL&'
'
->ZUuP-qﬁ-->
>cZn)(
*K
ge_+ﬃ-&-,-5IJsNﬂ
(H&-_
xoqﬃ-
;
-&>&  tu
"b*K
S-->"1:R
SPY`")>()->! 
S

-.VZcH ()2*X> H+ﬁﬃ3U9
dﬂ
(H&BM	 PU
.i:/
'c8jf_-3Y32ﬃ >3Hﬃ +  e_+->&Pﬂ9C
-! 7+( 
'M I s #R
&\8
I ()ﬃY`&
' ")M	")()
'G9cZc
' 
dU")M	ﬁ&'AL
()H9&
;
&'+->
;
+>-! ﬃcZB->
 j
 
	 & 
eﬃ G

&   	G

  eﬃ   ﬀ
> *&'
! $ﬂ+ﬃ-ﬁﬃ
'*
&'
'G9- 2*K(G9()
;
")+ﬃ-Z :/
,-
',
 H9&*
;
") *
'")&")(
-! ﬃM OC
:%*Ki
! _+ﬃY c8Kﬂ
'i->
JM$
-._9M  ﬀ*X>((
;
")J*
")&'")()
'-! M OP:%*Ki+ 0j+ﬂY 
2y98 #_84_9-ﬃ*X /ﬂ) &W45"L5IJ&&_2y98 #ﬀ8p+"L! 
'+()
'-!  TM$ﬁ&!9n4+.\8
f_
5e_+->&Pﬂ)->! L+ﬃ() 
beﬀ**c8czﬂ8'llx 2 >
;
" U7&'
ﬃ IJ!&'&-! ﬃ+*Xa9beﬀ+ ()LC
-
'xﬃ-3@B H")M	- 8 + 
'xM b->
 7Zc-
'a
5e_+->&Pﬂ)->! L+ﬃ() 
! P(1*K()Z
-")ﬃ>JU9ﬂ) +c8 i8:R
S3#%>
'! iﬃ- #%
&'-r*X ;\c8
 {

 
 0|

,
ﬂ 


:/.* 0|:! 
5^")  
M
;
")>
() e_*->! 
S	zﬂ8   8SlF(-ﬁﬃ"L!  eﬀ>YyU 
dﬃxk^@)5#R
&ﬃ()C
*+(a&--> -
'! A
ﬃ
()$+! ()
(G+d9 &%,#%
&'()*+()->ﬁHM$5"Lx->")(9C
YyG&'
() 5^->+! -9+ﬃY`*H+
;
") #R()
' 
;
>M$
c8=f]9+ () lﬂ) 
 hH.C + -->[C
5^>-! 
'*+ﬃ( 2 hH-G9
()+ﬃ()-ﬁﬃ+&-4ﬀ+ tLz2_hjC*']+&'& 2 hW9H<ﬂ->!  IPG9.H(F()DC
-! &'")-->  H&SH48BL
()H9& +->&Pﬂ)->! 7+() ﬃ+! OP:%*KDC0 +ﬃY .C  ﬀ*X>(G(E"ﬂﬃxM	!9&&
 C
-! 

* >U9Z\
'P
M *:P8\M Iﬂ)ﬁX -_@p9
'
;
*&'
*XJM 2->-\ZK98 #_8XM	!9&&
 C
-!  TM$ﬁﬃ& !uZﬃU>ﬂ)ﬃ ﬃ
! ]9+ﬃYg
ﬃYy! ﬃ
+ 
'-3*K-
'
'(=:R>c8K#%
'&
;
>+(
+ﬃY`()>+
;
")
B
C[hH&'
ﬃ ")M	")()ﬃ
'!GuU9ﬂ),+! 
;
>-! 
'Iﬀ")>U+M	! H9
-[C
M$1M$
'
M	
>R+J+-(()&'
! 1:R>\8
0\+HG! ﬃ->RU>ﬂ)ﬃEM	"ﬂﬃﬃI->ﬁ
"M$")(ﬁ ﬃ	
ﬀI (>Y`&ﬃ
 "M$")(
S!G9
;
"
=#%
&'()*ﬃ+(?! H9U
'-
<+ﬃcZﬃﬃ+! <ﬁH->-ﬃ+d ﬃ&\/L>")M	->!G9U
'E
'()ﬃ-
+<
-M 0K:%!UFU")ﬃ
ﬁﬃ
.Jeﬀ+-()&'
'! -->ﬁ+&cZHH-ﬀI 9()>Y`&'1:/
'/ ")M	")()ﬃ
-
'C
c8Xf_
-v@^>") ( *X
! ﬃ_M J&'- l+JCG=('b+ﬃ 
'Pe_+->()&
! ->-ﬁ+&'b9&-ﬀﬂ 
'M,C
ﬂﬁ+&'c8 0\+ 7% U
'-
'+ﬃ(?T ")M	")()
'G9E
'F-")()HP@^ -Uu>
2y->
 ﬃiHG9! ->_eﬀ*-! ﬃ
'>D48\ﬂ
'P:R>a9+-ﬀﬃM U")M	ﬁ&'tﬂvﬂ
()& ():R")ﬃv+ﬃ ()DC
*KFe_+ﬃY`->! &+ ( 2*K%
'_&'")Uu&ﬀ0jM$">Y`67+98ﬃeﬀ+ﬃY`()+ﬃF
-=@B H->Uu.UuFH9-
&")Uu&'EIJ()Y`&' *K! 	+ﬃ ﬃ
1Lﬂ)M	 
'  ﬂ ﬃ
MxC.ﬂﬁ+ﬃ& ()ﬁH)(5:%c8
f_+>!  ﬂ 
MxC 5^"(ﬃ(EU>ﬂ)ﬃ 
xI ()Y`&
' ")M	")()
'G9v&'&>
ﬃ()-_7+M	
SC

M	
>Zﬃ*X/
'! 
;
ﬂ)&&'
(x9+-()()&
'! F:R>c8
ﬀM 

;
*&'
*Xﬃ 5^>-! 
'*+ﬃ()10jM	")>Y`>67+ﬃF+FU")>
'()
 ()
*ﬃR-%
ﬃ
s 
 
;
"?"-ﬁXU

;
	I< ﬃ"ﬂc892ﬀ
p->")&&'i
LY32q
'-Re_>*K
'q&
;
 Iﬀ"U)C
+>
;
")()->&&S :R> ﬂ I ")>U+ﬃg+>! $@B H9-ﬃU99>cZ)+ﬃ! 	IJ UuH9&M	"ﬂ+ﬃ& 9
")
+Js ()
-.>
>+(x+5^>:Rﬃ+(
;
")<+
;
._#%
&'
ﬂY`")M$9
'")c8
  m 	


/ 
#
   ﬃ    ﬃ   OM$G)(xO&
! 7+(<2[l)8 zﬂl 4
'->%H-/I s ﬂ
(H&XU")M	ﬁ&DtK8f_
'_G9+M$&'
! 
5^.
'&+ﬃ( ﬃ-$#%()-,7 HG&S$ﬃ
1
'()&'
! 9ZgM	
'
ﬃ
-! &
;
97<#%
&'
ﬃY`"M$9
 C
")c8 0\+-G9&
'! + 
'->M #%9()-*
'&a> HG&SPM  +-PM I s ﬂ
(H&B*X3+ﬃ! 
'
G+ﬃM$&'
!  5^>
&'+(<i@B H-
φ
8 + dM$ :R
%@^ -L*ﬃ
&ﬃ33-&*XAﬂ! ﬃ
! 
+$+>-! 
'&'
! FkB! ")
'E(:/
ﬃ7%+
;
")
H9R-+*ﬂ9 
>VZ7 HG&SM 	
'
@B H-
<;\ﬃ*
'& *:P8=
'b@B H->Uu.98rf]d
'b@B H-Uu>b7+G+ >b
M #%DC

! −pi *ﬃ
- +pi +ﬃY :R
'->VZ M?+ (b-
'Zg+ﬃM 
'! 
(b
'>ﬁ
'>5:% + U9ﬂ)cZ^+ﬃY
@B H--ﬁﬃ 2(_+M
2pi
U9")>
()
'.B:%c8ﬃ#R
XO
'! ﬃ")-6L+ﬃ1-> %ﬃ
/&")Uu&
U7U7+M?+&'
.i@B H- 2*KPO&
'! 7+(b2 zﬂ8 z)4 
'v#%
 7+(FM	
'ﬀM &"U99&vI ()ﬃY`&c8
#%
Iﬃ7
-	 kB! ")
S
<;\ﬃ
∆TE = TE2 − TE1 + e_H9 M$<
',
'&
'! 
U")ﬃ->!97 I 9()>Y`&'*K
'7G! 
()+ﬃ( Uu 9+- E@B H->ﬃ
 ;KUu.v

B
C
hH&LC T "M$")(
S!G9-Uu>_*X>! ﬀ:R> ﬂ
∆B0(x, y) =
1
2piγ∆TE
∆φ(x, y) .
2 zﬂ8|z
 
4
+ Jk@)}CT#%
&'()*ﬃ+()->ﬁH9M$=:/
'Pe_+-ﬂ-+(	
J@B H->U9"ﬂ
'>
! +(
N
+ﬃJﬃ
k^@ﬂ}CTkB! "*-.!ﬃ
EES
*XUu?->
\ZpUu M  
-
∆B0
C IP>$
' 
'E@B
 tﬃ&SCL5^.C
-! 
'*+ﬃ()-Uu.3
1@B H->U9"ﬂﬃ
>
'! 7+($+M$>! ﬃ ﬂ
∆r(x, y) = γ∆B0(x, y) ·N · EES 2}zﬂ8 z){)4
f]M	
'_ HG(Pﬃ
x@q")-
S
"b
ﬃ-P@B
Stﬂ&'-
a@B H->U9"ﬂﬃ
>
'! 7+( 2y 
'"8Q#_8 c8 e58c
'C
er! -V4$
M +ﬃ
;
>>>2y+
;
4DZRU9")>
()
'> #%
&' M	
',E@q")-
S
" 
M
;
>>> 2
;
4DZ
()M	->- #%
&'EY`")&()M$)()F+-9M$M	 ﬂ
yuv = yv −∆r(x, yuv) . 2}zL8|z>6)4
f]-ﬀ*K+ﬃZ\H)( 
 T7->
'G9_Y32ﬀ
'v@B
Stﬂ&pvﬃ@q")-
S
"<
M U9")>
()
'> #%
&'
;
") ﬃx@q")-
S
"C
∆
?

;
>> #%
&'d()")M	M$ :/+ﬃ8^ﬃG9M5&'
! 

ﬁK9
")
.HJ
'M

>-+M -.!9>V8
f_
- IJ "L :/+ﬃ lM,/,{
;
" OV> + #=&*H
;
")>()-.&&' 3 OV>N,{8 8 k^
'
4_! 
&R
-.VZqH)(Zj:/
E"*K *K
S-
;
")+-(-VZB
'-FIJ "ﬂﬃFL+ﬃ?+ Iﬀ")>U+
;
")J
'&'
! 1U"->
B
CThH&ﬃ
 "M$")(
S!G9E()
'()ﬀ
-.V8Wk ;KU
;
")*+ 
*X&'->ﬂ9C
M$ 
'  -
'! ->")M$
S	 Iﬀ")>U7+8e_+ ()>M -
' 
J@B H-Uu> 9ﬃYyG&&'
(
()( 2*X+d9--.CThW.C 5^>-! 
'*+ﬃ(8jf_
'-,Uua+ hH ﬃ&
ﬁﬃ9
'")vY32 c8jkB-
-")&'&'5- H&'*vY32]
'?e_+ﬂY`H M	?P@^ -Uu> 
M	M$ﬀ
ahH>-Gu
'()+(-ﬁ+&'-
;
")
 j
 
	 & 
eﬃ G

&   	G

  eﬃ   ,

]#%
&'()*ﬃ+(?()-! H9&'=:Rﬃc8WkB
ﬃ_:%
'PhH &67+&'&ﬀ->&&'F*X
\ﬃ
-> IJ "uC
F
'F@B H--ﬁﬃ 2(<+ﬃM
2pi
8 + A
-F
'! 7,-+*Xx9+ﬃY`()&ﬂ)->5:%cZBUu
-
M
;
>M$
&'
! ,U"
'()
>$#%
&'x+  *&
'! \ZL+-Gu&'
!  eﬀ>YyU U"M$M	c8
#%->")-iUL>
'
-! 
-.i-ieﬀ+-ﬂ)-> 
2pi
CT@B H--ﬁﬃ 2( >ﬃ"ﬂ! d
'M #%
! d()>" ()
ﬂ+->ﬁﬂ
*ﬃ
&
S!G9-+->! 
Z=&->" ()b").VZ:%" +! 
'v->GU7-> 5^>+(
+ﬃY c8
       ﬃ!ﬃ!"#$&" ﬃ 	  + 
b*X>
S-1.:=G ﬃ7Z/U>ﬂ)ﬃ *X
ﬃ*Iﬀ")>U+1M$
S&-
@B H-Uu>17+ 5^>+()J9+-()()&
'! $:%cZ  -9! ]
'&
! U")-.!LC
aIJ()Y`&'
ﬃ ")M	")()ﬃ
'!Gu H>->&&'c8 TM OP()-9 H+ *ﬃ
 
)Iﬀ")>U+
M$
S&-3I< >U99H&M	"L+& u
"A2"3 7%  ,/,>8}Z3 7%  .ﬃl8 4P
'$Iﬂ)()&'
! U9
'i+ﬃ! 5^>+ﬃﬂC
()<+>! J:ﬂM$
'-! 3@B"->-9ZX:/
'8Q#_8W
+ﬃ
>1+ 
*X&'->ﬂ)M	_+JU9")>
()
'c8
f_
- :/
>?>
! VZ)
'MM$5ﬃ,
'!9* HG(
()?hH &'.>M
Ψ(x, y, t)
9+-^O&
'! 7+(
2}zﬂ8 z)z)4^+>! Js/Y`M	->-+(
;
")=*:P8H! 1r
'()&'
! F#%
'&()*+(iY32 >ﬃ
@B+U
(x, y, t)

'U7%67+H
 .H
'>8ﬃf_+>! E:/
 -r+ﬃ! 2*K N2ﬃ--
'(ZL
ﬀ():R")
s Y`>H9a+ﬃY@B H->->ﬁ 2ﬃ()x+bU9")>
()
'>c8Xh 2ﬀ
!']+H
 .HUu9
'")
;
")
Ψ
:/
'

']
'()ﬃ-r 
>Y32RT:/
!U9&'ZHM	"ﬂﬃ
.H
._k@)%ﬂ67+P*K7+ﬃ?2`-8eﬀ*-! ﬃc8 lM.ﬃ8 zﬂ8 z)4Z

%xU)C[s +M Y32> ﬂ! 
'! ^
x,f_
M	->
")ﬃ
kx
Z
ky
+
t
*ﬃ->V8f_Beﬀ*& 9+ﬃY
-I ")>U+&(")
S M?+ﬃ-=
-./
1e_**\8Xzﬂ8'lnzx->U7

>V8
+ FIﬀ")>U+Huﬃ-9
F (x, y, t) = −Ψ(x, y, t) *XUu/
-.VZLUuFH- ; >>
k^@ﬂ}CT#%
&' 7-ﬁ>!  OP&'
! 7+ﬃ( 2}zL8|zﬂln43
  U)CTsﬀ+ﬃM 2ﬃ*K()Y32 >5:%c8Bf]*X



F

' d
'& 0\
& 2 IPHG&'W4&'-iIJ"ﬂﬃ+& 9
")ﬃ->YyU"8!TM 
'-U7dhX9&&
> HG&'/M$FH9M$
SrH-/U"
'()
>PI s=C.ﬂ
'()H&
Skorr(m,n = ξ) =
∑
x
∑
y
EPI(x, y)ei2pi(mx/Nx+ξy/Ny)F (x, y, ξ) .
2 zﬂ8|z:ﬀ)4
f]-3U")>
'()
>	#%
'&a> HG&SiM$cZj
'M M 
Skorr(m,n)
+>! d
'$
'
;
>- hW"+
'.C
->Y`"M$9
'") :/
/
'<ﬃ

.->+M 2*K>Y32 ﬃ>V8
f_
I ")>U+ﬃRM	
'>&'-BIJ Uu&M	"ﬂﬃ+& 9
")5 H9 >ﬃ"ﬂ! $+! G4_! 
&'8kB
ﬃ^*K-> 
H>
cZ9H)(3M xﬃ Iﬀ")>U+Huﬃ-9
F
ﬃ+! $k^@ﬂ}CT#%
&'()*+(P():/
$M5+ (ZYy&'&-
M 9$*K 
'&
'! 	U9")-.!1I (>Y`&ﬃ
 "M$")(
S!G9,+! $
'!9* HG(
() k ;\U)C
U9")>
()
' :/
&'&}ZL
_! H9U7>
->
->! <->
FY32%
k^@)}C[#R
&ﬃ()*+ﬃ(<2y98 #_8ﬃ+ 
*X&'->"9C
M$ ;\Un4D8jO9x").VZ\:R"1
	I 9()>Y`&'
 ﬃ")M$"()
S!G9 M -.!G>UL-. ->
cZ\U99
- *Xr*X
 k^@)}CTeﬀ+ﬃY`H ﬃM$J+Jeﬀ+-&ﬂ)-! 7+( U9")M	M$c8Hf_I ")>U+ﬃH9-9P Hu
{:. 	


/ 
#
EPI(x, y) F (x, y, t) EPIkorr(x, y)Skorr(kx, ky)
 	

FT
−1
k
e_**ﬃ
&ﬃ+(xzL8'l zJﬂ _W&`/b>cF/R*^ yM^^JR*stUb>^|ozT{U  Rr[l^s9`9dg`WPo:tb9W&`/UXTXMd

&y`9puMRr^kMR*^^UR
v
 
TPWZ ~TP^( TPd lR*d sjv `/b9o -_lRr^c >[/^<U b9d] :`l_/R*Tdg`Y\[ #fWZR*TXY\[tb>d
w
 

 c 9^ 'RilR SRrTPWXR
ozT{URrTPd]Rr^ﬀ_/R*dtR`/b9plR*o yM^^JR*stUb9^(:`/UŁR*dlpr`/Uk4o:tb9WPTXRr^<U

&y`pb9d]uR*^"kR*^"^<UŁR
 
TWX Rrd]Uv
p<UŁR*[tU`9dlpJY\[lWPTZR:Rrd] tb>^(Y\[ Td]uR*^"p(Rejb>^TZR*^U^*`dlpc{M^"o`:UTXd `/b9plR*d dtb>d sjM^"^T
w
TXRr^<URrdsjv
`:b>oj`/URrd
gdg`Y\[ D!F[]R*d   

&->"'M #+(+ﬃYﬀﬁﬃﬂ	 "!
;
#$!&% ')(+* &,')!ﬃ-/.0#)1	- !&2334ﬀ&5*6"'+%dU71	#$#)ﬃﬂ	&#) * ,8&!ﬃ*:9
e;% '<*=ﬃ')2 >?#$%= *@ﬃ')(A'B2zﬂ"ﬂ	!ﬃ&CDcZE* )(F* ﬃ IG1	#$#)HI(J%=#<* % #$CDLKMD #$HN"67!ﬃ231ﬁ* %=!O7($ﬃ1	
-PM;-')1	 * M#$'<')(J"#$H7LKQ"ﬂ	=M(YM!ﬃ* & D 1	231	ﬂ	M &(JR7(JM:ST4ﬀﬃQ"9U8;9V& 2 >?M4E-XWYKZM(7!ﬃ![W
 \-#)ﬂI" ﬂ Sﬁ]	#)'J"ﬂ7(^9
k_ﬃA4E&($#)'\.0#)1	- !&2`&')(a*=ﬃ?=1	#$23b>c#"ﬂ (	d*=' fd7($ '$7(JM'
F
9Hh2 #a'$Mﬃ +>?M4ﬀﬃ=e%= ﬂ
ﬃ'Y(V& ;]eﬃM#$* &2,M '$&1	6"!&_f;7(JM 25N(J#$ t,* #/f;&2,M '$&1	
Nx ×Ny × (2Ny − 1)×Nz  1"(YW
4M * &ﬂ SP4E1	-
Nx
S
Ny
%= *
Nz f
2 #\* ﬃ+g;%-ﬂ"'$%  ﬂB&bh6#$hi% M XWJS:._D6"')ﬁWG%= *jﬁCD &CDi(YW
H"1e* ﬃM#$#)ﬃCDI(J% =ﬂk* #lM%mH71	#$#)ﬃﬂ	&#) * M kn.)oWpg;%
f
67D 2,<'Y(JMD :9ne14E1	D !a*=ﬃAg\%
f
6"D 23"S
"!ﬃ'q7% CDr* &<'$s6RN(J#)"50M#J"#)-PM&($%  ﬂ* ﬃM'$M' fdN(JI]"1	!ﬃ% 23=',M#
f
1	#)* t'$D=#q]e&!0u[(qﬃ2
50#)ﬂ	!ﬃMﬃCD<%=#\._D67'$=H77#)(JM 23M(JD=1ﬁ* 79
v '      $&' f;ﬃﬀ-#$M&($'_-PM'$CD #)ﬃ-= IG1	#$#)HI(J% #)2,X(JD 1e* M,'Y( 2=($,'$&CDA"%
f
s D$IW
'$&H77!ﬃﬃ')CD wK (	* 7(JMk%  *k-#$MCD  Mj* "#J"%='d*6"'d%=i]"#)#)#)($,8Eﬃ!ﬃ*u9 x2y>?ﬂ	M 'JN(Jz*67%
ﬂ	ﬃ-ﬁ(c'+"% CD$IG1	#$#)HI(J%=#$23M(JD=1ﬁ* M:S{* ﬃz]"1	!ﬃ!&')(JR" * &ﬂZ-=ﬃ!ﬃ*=-6"'$&#Y(?'$& *}|  \-#)'$ﬃCDI($'J"#Y(JﬃH7! ﬂ
3U._!&% ﬃ2 .
 
8~9nKQ"m-PMlﬂ"($ﬃﬂ"(qM% # I\1	#)#$HI($% #q* 'q]	M#$M#$#Y(J fd7($ '$7(JM'k| zfGWb1e* #
 
fﬀW
fd7($~?& /MI(J'$s=#$CD= * Mt%=i]"#)#)#)($ fd7($ '$7(J7S* M#z"!&'5sﬀ
f
M#$M 5* &I(^9pfd
f
2=#
4M#$* MQ&* ^"!&#Y4Mﬃ'$bﬂkTWE1e* #roGﬂkTWpg;%
f
 "D 23B]	#Y4M * X(^9
\I(JM#+*=28ﬂ"#$ ; sﬀﬂ"ﬃ')($#$&#$%= ﬂZ]"#)')(JMDI(q25"j* &58M')($ﬃ232z%  ﬂZ& #cﬂ	M1	2,X(J#)ﬃ'$CD=
 
e

 G   	 	  *6#  1    6# {Ll
o#$" '
f
1	#$2,7(J&1	:SI* &\Mﬃ

- )HI(aﬃ,& 2 8&!ﬃ*,"%
f
Mﬃ5MI(J'$s=#$CD= * M'

- )HI(aﬃ,& 2
" * M#$M58&!ﬃ*l7% '$#)ﬃCDI(JX(^97f;&Vﬂ	1"2,X(J#$&'$CD ro #J7 '
f
1	#)25N(Jﬃ1"zﬃ'Y(_& a25N(JD M257($ﬃ')CD Vg;-eW
- ﬃ!&* %  ﬂ=S6* ﬃb'JR"2+(J!ﬃ&CD +.0%= HI(JwMﬃ M'

- )MHi($'?"%
f
H"1	#)#$')sP1" * ﬃM#$M * l._%  HI($l"- - &!ﬃ* X(^9
g;% ' -ﬃ*=+8ﬃ!&* #)c4E#)* w%w*=ﬃ')2(0P4ECHc'$&CD+MI(J'$s=#$CD= * GKZ#$Hi2,"!ﬃ7S'$1	ﬂ"6"=i($
0{" * 2,"#$H7:Se2,"#$HiﬃM#)(9Ig;!ﬃ'10{" * 2,"#)H",H>ﬂ	= B._%  HI($"Sl0 & ﬃM,1e* #Rh !ﬃR"CD 5* ﬃM :9
4;"CD=* 22zﬂ"ﬂ	!ﬃ&CD ')(?]eﬃM!ﬃz0{" * 2,"#$H7/& -&* /8ﬃ!&* #) #)ﬂ	&')(J#)ﬃM#)(c4ﬀ% #$*=:SH>ﬂ	 =
* ﬃM'$3* % #)CD #$&ﬂ	ﬃ*=l1ﬁ* M#b3 "S{&($#$7(J[]	$zfGW\1e* #
 
fGW o#$" '
f
1	#$2,7(J&1	 MjMﬃ67 * #+"ﬁW
ﬂ	 R"D #Y(q4M#$* M:9f;ﬃ ) &ﬂ	Fo#$" '
f
1	#$2,7(J&1	:S* ﬃ<*67'3-'Y(JJk_#$ﬂ	M-  ﬃ'q!&ﬃ
f
M#)(ST"!&'$1k* &
ﬂ	#)ﬃ ﬂ"')(Jaf\ ;P#$M jM4ﬀﬃ')CD  *  0{" * 2,"#)H" ﬃ@-&*  8ﬃ!&* *67($ '$R7(JM "%
f
4E&')(^S
HN" 5* " 5&,Mﬃ M2 !ﬃM($M($<eCD #$[($("%
f
* "'ﬂ	M'J"2+(Jﬀ]	#)M#$#)(V8ﬃ!&*57 ﬂ	M4E=* M(E4M#$* M:9
f;ﬃ_o#$" '
f
1"#$2,7(J&1	 '$2,7($#$StlH77 BI(x4M* #ﬀ')CD ﬃCDI(x4Eﬃ')+1e* M#Vﬃ *=&]eﬃ* %=!ﬃ!
f
2 # )M* 'aMﬃﬁW
M!ﬃ b8&!ﬃ*B& #0u[(J#)ﬃD=?-PM')(J&2,2+(ﬀ%  * 7 ﬂ	M4E=* M(\4M#$* M:9 x2`M4E&($bh"!&!P4E#)* 
*6" t"% CD 50#)M#$#$%= ﬂ	tH"1	#)#$&ﬂ	ﬃM#)(^S* ﬃ<*=% #$CDt[("-=D6R" ﬂ	&ﬂ	<._D6R"=1	2,M <]	M#$% #)'J"CDI(
'$& *:Sﬁ4ﬀ&?"9U8;9 +@&#$-!ﬃ'Y(J#"ﬂ	2,7Se8M4Eﬂ	%= ﬂ,*='G. 7($ﬃMi($B1e* # 50M#JR"=* #)%  ﬂq* #GeD ﬃ2z-XW
* ﬃ=ﬂ	%  ﬂ	M:9
fd"'3%=]"#)!OR"')'$ﬃﬂ"g\%3 * r* # 0{" * 2,"#)H"tﬃm-PMﬃ* Mr8Eﬃ!ﬃ*=#$ 'Y(J!&!&(q-ﬀ* M#,g\%=(J17W
25N(Jﬃ1"Z*=ﬃ')#;KM($D 1e* wMﬃ.0#)1	- !&2 *6"#M9Xh7!ﬃ!ﬃ'* ﬃ 0{" * 2,"#$H72,[($(JM!ﬃ'ﬀ" 7(J1	23ﬃ')CD #
e(J#)% HI(J% #) *=i.6 &#Y(\4E#)* :SPﬃ'Y(\&2,23#aMﬃ b23* &ﬃ=ﬃ'$CDZﬂ	M'$CDi% !&($z. #$')1	k 1"(x4E=* ﬃﬂ S
* ﬃ?*=ﬃ0{" * 2,"#)H"ZﬃB-&* Z8&!ﬃ* M#$B#$Mﬂ	ﬃ'Y(J#$&#Y(^9
x2 sG"D 23 * ﬃM'$#wg;#$-[(w4ﬀ% #)* <% I(JM#l* #0{M&($%  ﬂQ]"1	 O"% !ﬃﬃ"FK7($($'z]	1"F* #zs=#$[W
]77(JM(\=&]	M#$')&(RN(
f
2=#G23*=ﬃ& ﬃ')CD  x
f
1	#)257($ﬃH,%  * o CD= ﬃHj| dK ToG~ﬀﬃ x  '$-=#$% CHB&
._#$1	ﬂ	#$"232 % 2 7%=(J1	2,7($ﬃ'$CD=5g\%3 * M5]	1	0{" * 2,"#$H7,ﬃ5K saWx8ﬃ!&* #),MI(x4ﬀﬃCH"M!&(9
k_','Y( 2=($M(,'$ﬃCDm-ﬀ* #,ﬁ%=CD Q67CDrH"1"#$#$M'$s1	 * &#) * M 0{" * 2,"#)H"t"%
f
'$1	ﬂ"6"=i($
k_ﬃ ')CD !ﬃ& (	% =ﬂ	'$-6R7% 2,Z| ﬂ"!o9:CM1	/.6 M2,MI(+($#$M'~S *=ﬃlﬃMﬃ M2yﬂ	#J7%i4E#Y(J-67'$ﬃM#)($/8Eﬃ!ﬃ*
% '$"232,M D6R" ﬂ" * ?e(J#)% HI(J% #) 2 -#E* ﬃxI(J='$&(JR7(a* M#V8&!ﬃ* s=%  HI(JGﬃ* MI(J. ﬃM#$MAH>ﬂ	eW
 u9 Ib7s &($!glM.ﬁ9|zﬁ9
 
ﬂ	DI(G6R"D=#G"%
f
* ﬃM'$+KX(JD 1e* c&:9
     
ﬁ  
  
	 "/ﬃ/ﬁ($ ﬁ ﬁ	 
#
f;ﬃ
f
%  HI($ﬃ1	 M!ﬃ!&5K"ﬂ	 X(J#$M'$1	 " M($1	231	ﬂ	#J7s D ﬃ|
f
K s oG~?#$!ﬃ"% -=(+' 2\&#$6"HI($&]eﬃM#$%  ﬂ":S
* ﬃ+"%
f
'$s .6'$CD=zg;%
f
ﬂ	"-PM | 79 8\9]eﬃ')% !&!ﬃM#ﬀsﬀ&+1e* M#1I\1e1	#)* ﬃ6N(Jﬃ1"<ﬃ=#d8EM4Eﬂ	% =ﬂi~
% # 2 CHiﬂ	
f
2=D #)(ﬀ4E#$*=ZH>ﬂ	 =:S &A]e&]	1l%= *B[("%
f
ﬂ	!ﬂ	')(%B2,M'$'):9Hf\ﬃ
f
K spo -#)% DI(
{)z 	


/ 
#
"%
f
* 2 ')1	ﬂ	 " I(JM}8!&1ﬁ1e*

tjeﬂ	M67(J&1	 0{X]	M!_f;MsPM * M * | 8

0jf?~I\1"i($#J"'Y(^S_* M#
#)')(J2,"!&'JlM,:,/. & oaﬃM#$Dt=s#)ﬃ23I(JM}-GD 1	D M hM!ﬃ* 'Y(R"#)H"M |Lﬀ9oG~q-PM1	-6"CDI($M(A4E#)* 
H"1	=i($3

ﬂ	4/,/.8o9Lf;M#a8

0jf I\1	I($#J"'Y(4ﬀﬃ#)*5*67* % #$CDA]"#)% #$'$"CDI(^S *6 (zﬃ2\ﬃ#)6"#)^"!&:S
* ﬃb%Qﬃ=2 -PM')($ﬃ232w(JM 0u[(Js %= HI(d& wg\%
f
ﬂI"-b%k#
f
2 !ﬃ!&D6"-:S* #_k_ #)ﬂ	ﬃX]	# W
- #J7% CD5!&1	HN"!6" 'Y(JMﬃﬂ"(9/+ M ﬃﬂ	0uMD I(J!&'$MHe%= * < "CDA8Mﬂ	ﬃ=,* M#E=% #)1	6"!&3g;HI(J[]ﬁ[(R7(
#$"ﬂ	ﬃM#)(0*67'V>?D &#$,"%
f
*=5ﬂ"')($&ﬂ	#Y(J 50#)- #J"%=CD5]	1	A="% M#$'Y(J1:;Z23&(0!ﬃ1"H77! #)Dlﬂ	DI(JM2
8!ﬃ%ﬁ( 6% (%  */Wp]"1	!ﬃ%=2,M | D R"2,1e*/e6"23ﬃ')CD 5g\I(x41	#Y(~9Bf;ﬃM'$Ff\% #$CDi- !&%=(J% =ﬂ	'$'Y(J&ﬂ	#)%  ﬂ
!ﬃ&
f
#Y(	)M* 1eCDj23D=#?% '$R7(JM!ﬃﬃCD='

tjﬁD R"2,1"ﬂ	!ﬃ1	-=ﬃ:S"!&'d* ﬃ 4\%=#$1	 Mk]	#)- #J7% CD u9pf;"'
f
2 D #Y(z*6"M%:S * )(kHi% #$A "CD * #zg\HI(J&]e&#$%= ﬂ
f
2 #w4E=ﬃﬂ	BeHi%  * MtMﬃ ,Dlﬂ	D M#$<!&1	HN"!ﬃ

t:eD6R72,1	ﬂ"!ﬃ1	- & H"1" Mi($#J7($ﬃ1	A"!ﬃ'V]"1	#ﬀ* #ﬀg;HI($&]eﬃM#$%  ﬂl]"1	#$!&ﬃﬂ7(^9
x2 >cMﬂ	='J7($w%*  " * M#$ 8!ﬃ%=($-PM')(J" *=($ﬃ!&:S6*=ﬃ+"!ﬃ!&?* O"2,"ﬂ	=M(J&'$CDZ'$& *:Sﬃ'Y(\* "'
 ﬃCDI(Q1ntjeﬂ	M ﬃM#)(J 2;R"231	ﬂ	!&1	- ﬃ |yf;1VtjeD6R"231	ﬂ	!ﬃ1"- ﬃ~B"%
f
ﬂ"#$%  * ]	1	 ]eﬃM#Q% =ﬂ	s6""#)($
k_!ﬃHI($#$1	 MAs6"#$"2,"ﬂ	 X(Jﬃ')CD:9 xA* M#1Vtjﬁﬂ" &#)($1h61	#)2SI* M2

tjeD6R"231	ﬂ	!&1	- ﬃuS	'$& *A* &
f
#$Mﬃ k_!ﬃHI($#$1	 MA* % #)CD<* B7'$'$1"ﬃ&#Y(JA="% M#$'Y(J1:;ﬂ	-=%  * M:9

tjeD6R"231	ﬂ	!ﬃ1"- ﬃ3ﬃ'Y(*6W
2,[(V* ﬃ"2,"ﬂ	 X(Jﬃ')CD:9
+ R"D #) *Z* ﬃbe% '$Ms=($ﬃ- &!ﬃ&(JR7(JMA]	1	B]	1"!ﬃ!ﬃ'Y(R"=* ﬃﬂl1Vtjeﬂ	 &#Y(J2 8!ﬃ%=(ﬀ%= * >?D=ﬃ#$=ﬂ	M4E-
" 6R7D #) *wﬂ	!&&CD+')ﬃ *:S
f
2 D=#)( f;1VtjeD6R"231	ﬂ	!ﬃ1"- ﬃb%xh6M!ﬃ* ﬂ	#$"* &I(JM+X4ﬀﬃ'$CD=l* M2;R72,17W
ﬂ	!ﬃ1"- ﬃk(J#$" ')sP1	#Y(J&#$M * M k_#"i(JD #)1	ii($ %  */*=#z* ﬃ"2,"ﬂ	 X(Jﬃ')CD  \23ﬂ	-=%  ﬂ 9qfd"23&(
ﬃ'Y(V* &sGM'$1	 " 
f
#)hi% M c* #ﬀ._#$17(J1	 M:S=*=ﬃd')ﬃCD<ﬃ2 h6!&*A* #V8!ﬃ%=($ﬂ	
f
R (	d-i.6 *=:S=]"1	
* #z="% M#$'Y(J1:;P'JR7()(J&ﬂ	%  ﬂQ"- D6R"=ﬂ	ﬃﬂ 9jf\ﬃ$k0#)Dlﬂ	Di%  ﬂk*='+]"lﬂ"'$

tjeD6R"231	ﬂ	!ﬃ1"- ﬃ67i($&!ﬃ'
% I(JM#;i(Jﬃ2w% !O7($ﬃ1	
f
2 D #)(GM%Q& # sﬀ* %=Hi($ﬃ1	Z* M#G!&1	HN"!ﬃM1h6!ﬃ*=ﬃ D 1"2,1	ﬂ" [(R7($A% =*Q'$1NW
2,[(dM% Mﬃ M#
50M#$!ﬃR" ﬂ	M#$%  ﬂ<*=#
T ∗2
W 0uM&(^9:K&(c*=
T ∗2
Wp'$M '$[(J&]" >Psﬀk WYehi% = H77 
* ﬃM'$150M#$!OR7 ﬂ	#)%  ﬂl* M#
T ∗2
W 0u[(ﬀ"!&'ﬀﬁﬃﬂ"6"!O7 ')($ﬃﬂwﬃ<* M#a-PX(J#$1 ;uM JsGMﬂ	ﬃ1"<#$ﬂ"ﬃ')($#$&#)(
4M#$* M:9
xB* #aHi!ﬃ& ﬃ')CDAﬂ	Me%ﬁ(JM($
f
K s o@* % #)CD !OR"%
f
(ﬀ* #ﬀ._#$1"-6" *B1e* #ﬀ.7(J&I(aﬃ<#)ﬂ	M!ﬃ2,R)(	&ﬂ	#
g;-
f
1"!ﬃﬂ	Ee($ﬃ2z% !ﬃ7(J&1	 ' W6%  *?sG% D=s D67'$u9)f;&'$M# 0uM&(J"- !O7%
f
4ﬀ&#$*w"!ﬃ' . 7#J"* &ﬂ	2,ﬀ-M&CDﬁW
 M(9 g;!&'ﬀe($ﬃ2z% !&PH9ﬂ	  M=-Z1	s=(J&'$CD MB%  *"Hi% ')($ﬃ'$CD=JsGMﬃMZ"% CDBH"1	ﬂ" &($&]	?1e* M#
2,17(J1	#)ﬃ'$CD=zg;%
f
ﬂ	"-PMk* ﬃM u9 xg;- D6R7 ﬂ	ﬃﬂ"H"[(d]	1"2ys #JR7'$I($ﬃ#Y(JM ."#J7* ﬃﬂ	2,,4E#)* 
% I(JM#$'$CD=ﬃ*=!ﬃﬃCD=f2\ﬃ#)6"#)^"!&V-P" ')s #$% CDI(9
T ∗2
Wp'$M '$[(J&]"GK sVWYﬁMhe%= M523&( & #TD=ﬃ #)[W
CD =*3D=1	D lM[(J!ﬃ&CD wg;%-ﬂ"'$%  ﬂ,|
6
 
'J~XS72,Mﬃ')(_>3s k W[k0.)ﬁhi% M M:S	("'Y(JMl* ﬃV*=% #$CD
* B8

0jfGW I\1	I($#J"'Y(a4VR"D=#$=*Z*='ﬀ. 7#J"* &ﬂ	2,"'D M#)]"1	#$ﬂ	M#$%
f
M Qﬁ&ﬂ	6"!ﬃR" * M#$%  ﬂ"B"-:9
xk* #14;"CDI]	M#J"#)-PM&($%  ﬂ<* M#
f
K s oWTfd7(JM 4ﬀﬃ#)*k* #ceﬃﬂ	67!&]	M#$!ﬃ"%
f
)M* '?Mﬃ M!& ._[W
tﬁ!ﬃ'_23&( * 20u&()]	M#$!O7%
f
* 'n. 7#J"* &ﬂ	2,"'TH"1"#$#$M!ﬃ&#)(ﬀ| '9Ig\- -:9Lzﬁ9Sl
 
~9)f;&\I(JM#$')CD ﬃM* \&
 
e

 G   	 	  *6#  1    6# {
 
g;- -=ﬃ!ﬃ*=%  ﬂ<zﬁ9Sl
 
ﬂ SRrTVUXWPTXY\[tR ^^(RrW&`/UXTXMd k>~TPpJY\[]R*dﬁ`9^r`T
w
o`  #f^ >d]R
 
`WPsjRrd  UTob7v
W&`/UXTXMd

w
^*`/bR
 
`9WsjRrd  nb>[]R b>dtG:T
w
d-`9WVuR*^Wa`/b>c P^(UR b>^uMR c >^RrTPdT gRrW

&TXR
w
^ >dtR
b>^<uR|Tp<U TZR|`/b>c
w
^b>d]lRrp1F`9^*`$T
w
o`9p1Rr^~F`9^<UŁRMUŁR :ojlRrWPWPTZR*^UR
 
 	 &v dtUV~M^<U -TXRc 9^
TXRﬀWa`/b>pTV_9TPWTVU{9p<UXpVx^ >cb>d
w
_/R*dtblUXk7U~TP^J

g;- -=ﬃ!ﬃ*=%  ﬂJzﬁ9Sl
 
ﬂ ﬀs]UXTVuTXRr^<b>d
w
ps9`9^UR TPd^(RrTfuMRr^p(Y\[/TXR/R*d]Rrd gY\[lTXY\[tUŁM^TZR*dtUTZR*^<b9d
w
R*d

&R*d
[]jY\[g`/b>c
w
RrWXMpURrd b>dtuMR*^"kRr^^<UŁR*d`9dg`:UMo TPpJY\[]R*dG&y`/URrdpTd]TZR ﬀstUTVuTZR*^<b9d
w
ps9`9^URrd -_/R*^v
W&`
w
R*^<U

&TZR1UV9^"sjRlRr^ﬀstUTVuTZR*^<b9d
w
TPp<UﬁcX`^_9s:TZR*^U

* #_ﬁﬃﬂ	 "!ﬃ&i($ ')&(JR7( *=% #$CDq* M,8

0jf k ;PHI(0-PX(J#$"ﬂ	q*67-PM=C^ﬁ97{ %  *l'$& *q"- D R" ﬂ	&ﬂ
]	1	* #;e(JR"#$H7w* M'?>?#$%  *=25"ﬂ" M(
f
!ﬃ*='G*=';K saW o1"2,1	ﬂ"#J"s D=:S6* M#d>Ps kTWTk0.ﬂoW ﬁhi% M 
%  *t* 2 . 7#J"* &ﬂ	2,=9_8M  G-PM#$Mﬃ 'Y(Jﬃ232z% =ﬂj*='5M[(J!ﬃ&CD  50#)!O"%
f
'q]"1	@ﬁ&ﬂ	6"!a%= *
. "#$"* &ﬂ	25c4M#$* M
f
2=# )* MMﬃ M!& B._StﬁM!:* &]"#)'$67!ﬃ%=')(JM#YW0%= *Z.0!ﬃ"% ')ﬃ- &!ﬃ&(JR7(J'$"6"! IW
'$Mj*=% #$CD ﬂ"
f
2 D #Y(c%  **6"23&(\& lg;HI($&]eﬃM#$%  ﬂ"'$HN"#)($z-#$MCD  X(^S * &"SP4ﬀ&zﬃQg;- -:9 zﬁ9'l
 
ﬂ	M&ﬂ"(^S_23&(qD 1eCD6"%
f
ﬂ	!ﬂ	')($:Sn"6N(J1	23ﬃ')CD rK sVW 8&!ﬃ* M#$ % I(JM#$!ﬃMﬂ"(34M#$* M:SE%=2 ﬃ=
#JR"%=2,!&ﬃCD 
0u%=1	#$* i% =ﬂ,* M#G"HI(J&]e&#)($<sﬀﬂ	&1	 BM%M#$D6"![(JM:9
k_ﬃ VM%=]	M#$!ﬃR"'$')ﬃﬂ	x*=I(J .6&#$%= ﬂ?* #07Hi($&]eﬃM#)($xsﬀﬂ	&1	z&')()M* 1eCD3i% # *6" lﬂ	X4VR7D #$!&[W
')($M(^Si4E A')141	D=!u* &\g\Hi($&]eﬃM#$% =ﬂ	'$HN"#Y(J\"!ﬃ'n"% CD5* ﬃG% I(JM#$!ﬃMﬂ"(JM<"6N(J1	23ﬃ')CD ,8ﬃ!&* #
]	M#$M#$#)%  ﬂ	'
f
#$'$ﬃ=* %  * '$ﬃ,* ﬃ3ﬂ	Mﬂ	- <>cM1	2,X(J#)ﬃqH"1	#)#$MHi(l"- - &!ﬃ* M:9jh 2 #+* ﬃ,"6NW
(J1	23ﬃ')CD Af;7(JM:ST* &523ﬃ'Y(z* %=#$CDmﬃ=BKQ.^sGgG>Pk ﬁhi% M ﬂ"M4E1	  M 4E#)* uS_H77 
{   	


/ 
#
& d]	M#$M#$#)%  ﬂ	'
f
#$&+g\- - &!ﬃ* % =ﬂ,7 ﬂ	=1	2,23<4E#)* :9Xfd
f
2 #a* &?g;HI(J[]eﬃ#)%  ﬂ	')HN"#)($
2 -#)4ﬀ&ﬂ	M *q>Psﬀk WTkn.)jfdN(Jw-PMe%ﬁ(JM( 4M#$* M:S"D67-PMz'$&V"% CDw* #)lg;-=- ﬃ!&* %  ﬂ	')&ﬂ	ﬁW
'$CD6
f
(J %  * ')ﬃ *
f
1	!ﬃﬂ"!ﬃﬃCD ]"#)#)#)(9gk_ﬃ q* %=#$CD6"%='z#$"!ﬃ&')(J&'$CD q!&1	HN"!ﬃ 50M#$M#$#)%  ﬂ * M'
8ﬃ!&* '\% 2 ﬃ=j._Stﬁ!H77 k-PMT& #;" ﬂ	M 1	232,M j>?#ﬂ)(	wMﬃ M'Ph ﬃM!ﬃ*Q1
f
5;ﬃX4 ]"1	
z:./."232 × z ./."232 % =*Q& #Gg;%
f
6"D 232,7(J#)St5]	1	 6   2 %& #G#$M!O7($&]	M"50M#$')CD ﬃM- %  ﬂ
M4ﬀ&'$CD M
f
KJs oW[fdN(JF%= * "67($1	23ﬃ'$CD=Afd7($ '$7(JA]"1	
 
232 ﬃF._D6"') H71ﬁ*=ﬃ#)#$&CDﬁW
(J% =ﬂ
f
2 D #$M:9 x* M#\23ﬂ	-=%  ﬂ<]	1	23M(J"!ﬃ!&ﬃ'$CD= x23s !ﬃ"I(7($kﬃ'Y(?23&(\ 1ﬁCD'Y(R"#)H"#)
50#)#)#$% =ﬂ	j%j#$MCD  u9 e1	!ﬃCD 
f
KJs o fdN(Jj'$& *% #c._!ﬃ"i%  ﬂ<]	1	 o % 2,1"#$-')($#J"DeW
!ﬃ% =ﬂ	B1e* #a M% #$1eCD &#$% #)ﬂ	ﬃ')CD Jk_ﬃ ﬂ	#) ;PB*6"D=#ﬀ ﬃCDI(ﬀ]	M#)4E *=-6"#9
      	 	 "    "%    	 "  	  "/%/ﬁ
$ ﬁ ﬁ	 
#
k_'Tﬂ	ﬃ-ﬁ( & '$ﬂ	M'J"2+(T* #)ﬁ($23sPM#J7($% #J7- D6R" ﬂ"ﬃﬂ	E. "#$"23M(JM#SN* ﬃE2,[(_KJsaWo(J1	231	ﬂ	#$"s D &'$CD M
KM($D 1e* %=]"#$!ﬃR"'$')ﬃﬂ,2, (	-6"#ﬀ'$& * ﬂ6* &
T1
WTsGM!Out=7($ﬃ1	 ')M&(n3 4\!&'$1	m ﬀM8 S* ﬃb8#)14ﬀ='$CD 
K1	!&Hi% !O7#$-M4Eﬂ	% =ﬂd* # + "')'$#)2,1"!ﬃH 2 !&3 0 ^8&D6"Hm/,M8 % =*l* ﬃ|0 72,1	#
f
#$Mhe%= V*=#_._#$1NW
(J1	=:9g0 M($M($#$c&')(ﬀ#$M!ﬃX]"7i(
f
2 #a*=ﬃ')cg;#$-[(^9
f;ﬃ|0{"2,1"#
f
#$Mhi%  V]"1	 + "'$')#$'Y(J1:;PH"M#$ M5&')(0"%
f
ﬂ	#$% =*zM4E&#_% I(JM#$')CD ﬃM* !ﬃ&CD #^k ;PH	W
(J3(J23s#JN(J% #$"- D6R"=ﬂ	ﬃﬂ 9 0u%=2 Mﬃ M/ﬃ'Y(w* &<ﬁ%='$Ms=(J&- ﬃ!&&(JR7(c]	1	F- &1	!ﬃ1"ﬂ	ﬃ')CD 2>?M4E-
]	1	m* M#xoM2,s#$7(J% #q7- D6R" ﬂ"ﬃﬂ 9T*=ﬃ')FoM2,s#$7(J%=#J"- D R" ﬂ	&ﬂ	H"M&(l&')(3"!&!ﬃ#)* ﬃ=ﬂ	'
f
2 #q7!ﬃ!ﬃ
>cX4M-P"#)($ "% (	M#1h6M($(5]	#)6"CD !ﬃR"'$')ﬃﬂ	- "#Bﬂ	#)ﬃ ﬂF% =* HN"= *='$D "!ﬃ-@ &CDi(ZM% #ZK sVW
oaD #)2,1"2,X(J#$&zﬂ	Me%ﬁ(JM(c4E#)*  3Qf\^.1e1	#Y(J# ,{7-l8 9 h 2 #?*=ﬃ3K sVWp($1	2,1"ﬂ	#J"s=D ﬃ')CD ?o 23sPW
#J7($% #$23')'$% =ﬂ,&')(G* #ﬀX4M&(Jw>?#$%  *
f
2 #ﬀ& ?(JM2,s#$7(J% #$"- D6R7 ﬂ	ﬃﬂ"0 72,1	#
f
#$Mhe%= X]	# W
'$CD &- %= ﬂ ST6R72,!&ﬃCD/* &FoM2,s#$7(J%=#J"- D R" ﬂ	&ﬂ	H"M&(z*=#lg;-='$CD &#$23H"1	 'Y("I($
σ
S ]	1	t8W
* %ﬁ(J%  ﬂ=9
f;ﬃ 22 !ﬃ!& M!ﬃMHi($#$1	= ﬃ=' +/7'$'$M#$'Y(J1:;PH"M#$ '#$M% ﬂ" * %=#$CD ﬃD #)
f
M!ﬃ*67- '$CD &#$23 *=
+@ﬃ#)He%= ﬂd!ﬃMﬃCDI(J \I(JM#$')CD ﬃM* aﬃ+* #T!&1	HN"!ﬃMzK"ﬂ	 X(
f
!&* ')(JR"#$H7"9f;ﬃM'$ +@&#$Hi%  ﬂd&')( 6"CD
* #ﬀ0  M'$CD M sGMﬂ	!{* M2 R7% (	#)K"ﬂ	 X(
f
!&*MI(Jﬂ	Mﬂ	 ﬂ"#$&CDI(JM(d%  * ')1	#$ﬂ"(\*6"23&(
f
2=#
& ;g\- '$CDI4R"CDi%  ﬂ5*=#V2,"ﬂ	 X(J&'$CD M1h !ﬃ% ("* ﬃCDI(J;"2-I?#$=1	#)(9f;&1I?#) d4M#$* M<(J&![W
4Mﬃ')c]"1	
B0
"-=ﬂ	')CD ﬃ#)2w(ﬀ%  *Z#
f
"D #$M*=ﬃ?!ﬃ1"H77!ﬃcKQ7ﬂ	 M(
f
!&* ')(JR"#$H7
Bloc
9Wf;"2,[(V4ﬀﬃ#)*
 $
)  

 #$&1   

* & *6#   1  
# {){
* ﬃ?!&1	HN"!ﬃ0 72,1	#
f
#$Mhe%= ?M%
ωloc = γBloc = γB0(1− σ(T )) . | zﬁ9|z9mI~
f;ﬃwg;- ')CD ﬃ#)2,H71	 ')(J"I(J
σ
'$X(JM(b')ﬃCD% '$"232,M"% '?& #15;ﬃM!ﬃ^7D ! ]"1	 k0& M!ﬃH71	2,s17W
 I($ 3 0{X4,   8 %  *Q&ﬂ"(\ﬃ2 - &1	!ﬃ1"ﬂ	ﬃ')CD#)!ﬃX]7"I(J K ("-PM#$&CDk& +!&ﬃ "#$Po 23sPM#JNW
(J% #$"- D6R7 ﬂ	ﬃﬂ"H"[(ﬂ
∆σ/σ ≈ 10−8 (◦C)−1 3 f;^. 1ﬁ1	#Y(JM# ,{7-l8 9 50#)ﬃ
f
"CDI(
f
1	#)2z% !&ﬃ#Y(c#)ﬂ	ﬃ-=(
'$&CD
f
1"!ﬃﬂ	M * #60u%='J"232,M D6"=ﬂ ﬂck_ﬃ 1 2aWI?#)ﬃ')(c*=% #$CDj* ﬃ,k_!&HI(J#)1	 I4E1	!ﬃH7qﬃ& 2
f
#$Mﬃ +/"')'$M#$231	!ﬃMHJ2=!ﬁ'Y(R"#)H"#07- ﬂ	')CD ﬃ#)2w(_7!ﬃ' ﬃz.0#)1"(J1"zﬃzMﬃ M2 +/"')'$M#$231	!ﬃMHJ2=!oSN* ' W
'$Mxk_!ﬃHI($#$1	 M + "'$')#)')(J1 ;u- # 2 CH"Mi- ﬃ *=%  ﬂ	M3M%w-67CDe- "#)($2
2

W K1	!&H 2 !ﬃM+-=ﬃ!ﬃ*=:9
K&(;')($ﬃﬂ" * M#oM2,s#$7(J%=#;4M#$* M *=ﬃ')q8ﬃ=* %  ﬂ	M )* 1eCD')($#J"s67ﬃM#)(SPﬂ	M* #$MDI(+%= *
!ﬃX(JM($!ﬃ&CDzﬂ	-=#$1eCD :97f;"'+/"')'$M#$231	!ﬃMHJ2=!=]	M#$- #)ﬃ ﬂ"( 4M ﬃﬂ	M# 0u[(_ﬃ2 0u% ')(J" *q* M'nﬂ"- % eW
* = + "')'$#)'3 .X(JM#$' ,m>8o9 ﬁ1"2,[(?ﬃ'Y(c-PM_')(JMﬃﬂ	M * M#3o 23s#JN(J% #c& lDlﬂ	D=#$$k_!ﬃMHi($#$17W
  "- '$CD=ﬃ#$2w%  ﬂk"%
f
* M 1 2ﬀW I?#$j4ﬀﬃ#)He'$"2Z9pf;"'
f
2=D #)(+6"CD >?!ﬃMﬃCDi%  ﬂ zﬁ9 zmM% Mﬃ M#
ﬂ	#)ﬃ ﬂ"#$MB!ﬃ1	HN"!&0{"231	#
f
#)hi% ="9
k_ﬃ <7- '$1	!&%=(J58'Y(J&2,2z%= ﬂ * &'$M#xh6#$Mhe%= X]	#)'$CD &- %= ﬂ &')(z23 (7(JCD= ﬃ')CDm')CDI4ﬀﬃ#)ﬃﬂ 9
f;')D6"!&-m4ﬀ&#$*m'$ﬃ<#)!ﬃ7(J[]/%m& #	sﬀ
f
M#$=23'$')%  ﬂ/-'Y(J&2,2w(ﬂ )X4Mﬃ!ﬃ'l]"1	#q%  *m6"CD
* # o 23sPM#J7($% #JR"=* #)%  ﬂ54ﬀ&#$*Zﬃ=w._D6"') HN"#Y(Jl7%
f
ﬂ	=1	2,23u9 + M Q-&* +g\%
f
6"DeW
2,MQ23&(G* M#;ﬂ	!&ﬃCD=vk_CD 1"[(?"Hihi% &#$ﬃM#)(G4ﬀ% #$*=:SP'$1	!&!&(JM*=ﬃz._D67'$=H77#)(JMkﬃ* MI(Jﬃ')CD
'$Mﬃ:S "- ﬂ	M'$D= ]	1	 * Mt8E#$MﬃCD M:S_ﬃ *  Mt')ﬃCDF* &0{"231	#
f
#)hi% =A]	#$R" * M#)(qD6N(
%  *F')ﬃCD/')1	2,[(wMﬃ ,#$M!O7($&]	5._D6"'$A" 'J72,23!& H71	 I(J79Bk_ﬃ ,s Stﬁ![4Mﬃ')<._D6"'$M * <;uW
#$M HN"#Y(JkHN"  23&(A>c!&&CDe%= ﬂAzﬁ9 zm % =* Mﬃ M# Ic"!&ﬃ- #)ﬃ#)%  ﬂ	')2,M'$')%  ﬂ Sn* ﬃ*  + #Y(
* #5h6#$hi% M M]"#)'$CD &- % =ﬂ s #)1>c#$"* 7M!ﬃ')ﬃ% '+-PM')(J&2,2+(^S{ﬃ oM2,s#$7(J% #$R" * M#$% =ﬂ	'$HN"# W
(JM % 23ﬂ	M#$CD= M(b4M#$* M:9 x/._D6"I($1	2,'Y(J% *=ﬃH71	 I(J3ﬂ	M&ﬂ"(c4M#$* M:S{*6)(Z2,[(?* ﬃM'$M#
KM($D 1e* cﬃ=3o 23s#JN(J% #$"%-ﬂ	')%  ﬂ3- ﬃ'.ﬁS|z ◦ 7 #)#$MﬃCDI(ﬀ4M#$* MQHN"  3Qf\^.1e1	#Y(J# ,{"98 9
._#$1	- !&23\($#$M($<-P* ﬃM'$#VKM($D 1e* c"%
f
S
f
"!ﬃ!&'E')ﬃCD1h6M()(Jﬂ	X4M-P;ﬃA* M#a8&!ﬃ* M-PM ;-i.6eW
* M(S=*6z*=ﬃh6#$Mhi%  X]	M#$'$CD=ﬃ-=%  ﬂ
f
2=#rh6M($($ﬂ	M4E-?')(J"#$H3]	1	B* M# )M ﬃﬂ	MB" * M#$M#G>cX4W
-P"#)($F7-i4E&CDI(3Qf\^.1e1	#Y(J# ,{7-/8 9 \2 * ﬃM'+M% ]	M#$23&* :S '$1"!ﬃ!&($,2,"j* #+g;%
f
 "D 23
* #d.0D "'$Me-=ﬃ!ﬃ*=#?& ah6X($(J'$R7($($ﬃﬂ	%= ﬂ	'$s=% !ﬃ'G]	1	#)'$CD6"![(JM:9 g;% ("#$*=2 &')(c7%
f
& 1	s=($[W
257!ﬃ5ﬁD &2 %5"CDI(JuS=*6"23&(0&5* M<._D6"') HN"#Y(J5 ﬃCDI(V%= lﬂ"($ﬃﬂc]ﬁ&!&;._D6"') ')s # 2= ﬂ	
"%
f
($#$M($:S=* ﬃ?*67 Z]"1	#a* M#Gs=Stﬁ![4Mﬃ'$MZ.0D "'$M '$% -ﬁ(J#J7Hi($ﬃ1	ZH"1"#$#$&ﬂ	ﬃM#)(V4E#)* 2 2 ')'$u9
f;ﬃQKM'$'$%= ﬂF* #$oM2,s#$7(J%=#JR" *=#$%= ﬂ ]"1	@KQ7($#)O"!&ﬃuS_* ﬃBH"Mﬃ "+/7'$'$M#$'Y(J1:;PH"M#$ 
I(JD "!&($:S6&')(a23&(a*=QKM($D 1ﬁ*=Z* #\K sVWToaD M#$231	23M(J#)ﬃdﬂ"#$%  *='JR7($!ﬃ&CDB ﬃCDI(ﬀ2 ﬂ	ﬂ	!ﬃ&CD:9
x2 h"!ﬃ!&T& 'qoM2,s#$7(J%=#J" 'Y(J&ﬂ	'{"9U8;9ﬃb& 2 23M(J"!ﬃ!&ﬃ')CD  x23s !O"I(J7({HN" w*=ﬃ^oM2qW
{>6 	


/ 
#
sPM#J7($% #JR7 * #)%  ﬂBi% #?ﬃk*=2y7k*6"'x23s !O"I(J7(?"=ﬂ	#$M M *  %  **6"*=% #$CD#)D &($M($
>cX4M-Pc67CD ﬂ	M4ﬀ&')4E#)* u9
  	
 
  
ﬀﬂﬁ
ﬁ[(J* M2ﬃ! >6#"w*6"'ﬀ#)')($%$G% #)1	')($ﬃ2z%=!O7($ﬃ1	 ')' &e')($2 ﬃ<& Z.7(J&I(JM&2,s !ﬃ"I(J&#)(n4ﬀ% # W
* "S:4ﬀ&#$*ﬃ2323#\4ﬀ&* M#?]	#)'$% CDI(S* &($\M% #$1	'Y(J&2z% !ON(Jﬃ1" % #0 & * #)%  ﬂB M% #$1	!&1	ﬂ	&'$CD M#
)_#$Hi#J"=He%= ﬂ	uS4ﬀ&d"9U8;9K1"#$- % 'ﬀ."#$Hi& '$1	Z1e* #aCD #)1	 &'$CD M ﬁCD=2,M#$"S6M%Be%ﬁ(JM:98
. 7($ﬃMi($ 23&(zK 9T."#$Hiﬃ='$1	 ﬃ'Y(z*67'(*uﬃM!oS * ,+ #$M2,1	#w%/]	M#$#)ﬃ ﬂ	M#$ %  *F* "2,[(w*=
. 7($ﬃMi($j%j#)2zﬂ	ﬂ"!ﬃﬃCD=:SP'$ﬃCD4ﬀﬃM* # .- '$')ﬃﬂZ%j-PX4Mﬂ	:S{-0eCD 2,M#$Ms67(J&I(JM ')1	!ﬃ!
*6"'\ﬁCD 23#)ﬂ	
f
- D !{ﬃ<MﬃB#Y(J#$R"ﬂ	!ﬃ&CD '0/?#)ﬃ- -!&Z%=2,ﬂ	X4V7 * ![(a4M#$* M:9
8 * M#1$\M% #$1	'Y(J&2z% !ON(Jﬃ1"Z4E#)* k23ﬃ *=')($ ';M4E ﬂ"ﬂ	M sP1"!ﬃﬃﬂ"2)_!ﬃMHI(J#$1e* M ﬃ *=ﬃb-PW
(J#)143uM 2Gﬃ#) #$Mﬂ	ﬃ1	Z1e* #G*6"'657- CH7 2,"#)H&2,s !ﬃ"I(J&#)(98*P4ﬀ&'$CD Mk* k. 1	!ﬃMQ* M#9)_!ﬃMH	W
(J#)1ﬁ* 	| ~E4ﬀ&#$*B& 9: CD ')!ﬃ')s6" i% =ﬂA" ﬂ"!ﬃMﬂ"(^9.; ﬃbﬁs " i%  ﬂ	')hi% !&!ﬃ?4ﬀﬃ#)*ZM-PM
f
"!&!ﬃ'V&
* /ﬀﬂ"#$s#ﬀ* 'G.7(J&I(JMMﬃ ﬂ	Ms "=M(^9
: M <'$&CD	$\M#)]	M M!ﬃ!& |<$G% #)1	 6~ﬃ=5ﬀ% D ?-i.  * uS D #)#$')CDi(ﬀX4ﬀﬃ')CD BﬃD=#$# x  MﬁW
%  *zg\% (	M '$M&(JE&>/\1	=I($#J7($ﬃ1	 ')ﬂ	#J7* ﬃMi(
f
- # * ﬃ x1	 M>/c + S?$; + %  *(@! − 9?; ﬃA/\1	ﬁW
Mi($#J7($ﬃ1	A]"1	/c + %  *@! − ﬃ')(ﬃ2 x  M#$Bﬂ	#"ﬂ (	M#a"!ﬃ'"% (	M:98; &1$; + WB/G1	 MI(J#JN(Jﬃ1"
ﬃ'Y(Vﬃ=)DCe($#J"M!ﬃ!&% !O7#$#J7% 2 ﬂ	#ﬂ)(	#M9E; &'
f
-=D #)(aM%<& #ﬀes6" i%  ﬂ"'$* F3uM#$=1- -PM#V* &1*u!&![W
2,M2z- #$":S:* M2 '$1	ﬂ"6"=i($G5G% D=s1"(JMi($O"! SP]"1	jWH JI"26Kw9ﬀ; &3X4ﬀﬃ')CD  * G$\%=#$1	'Y(J[W
2z% !ﬃ7(J&1	 '$M!ﬃMHi($#$1e* B7-
f
"!ﬃ!& *=6: MCD '$M!ﬃ')s6" i%  ﬂ3]	M#$% #)'J"CDI(di% Z& L; s1	!ﬃ"#$&'J7($ﬃ1	
* '$G% #)1	 '9aﬁ1	-6"!&* * ﬃ. 1"(JMI(JO7!ﬃ* F3uM#$=M- -#<* &N*u!&!ﬃ232z- #$"r*=LﬁCDI4M!ﬃ!&4E#Y(
]	1	ZW6JI"2OK-=-PM#$'$CD=#$[(JX(^SP4ﬀ&#$*ﬃQg;HI(J&1	 '$s1"($I(Jﬃ"! "% '$ﬂ"!Pﬂ"')(^9$\7(J#)ﬃ% 23ﬃ1	=ZH>ﬂ	 =
* % #)CDﬀx1	 M HN"6R"!&& * ﬃ*u!&!ﬃ<Mﬃ 'Y(J#ﬂ"2,M:SP/c"!ﬃ&% 2,&1	 M/D #$"% 'MSn%= *r*67'5. 1"(JMi($O"!
')($ﬃﬂ7(;* %=#$CDk* &'$MN/\1	=I($#J7($ﬃ1	 '$"% ')ﬂ	!ﬃMﬃCDk"%
fRQ1S
I"26K " |'9g;- -:9
S
9Fﬃ~X9T; ﬃM'$M#d.1NW
(JMi($O"!ﬃ" 'Y(JﬃMﬂ5HN" k* " "% CD-* #d- "CDi-6"#)($U$\M#)]	M M!ﬃ!&lﬃ=>; s1	!ﬃ"#$&'J7($ﬃ1	
V
"
V 
	

 j
  
 

ﬀ
ﬁﬃﬂ !
"
ﬂ $#
%'&)(+*,)-.-/,
01
(2,4365
ﬁ
,)7
ﬁ98;:
-

<
=
>@?

g;- -=ﬃ!ﬃ*=%  ﬂ
S
9 ﬃABTd]R

R*^<uR*dlkMR*WWXR
TdCnb>[]R
[-`/U l_lRr^FTP[/^(REDSR*WPWoRro_9^r`9dR*TPdtR*dF>x `9dldtb>d
w
pv
`l_9cX`9WW uMd v HG<o

g:_>`9WX lRr^C-Y\[t~R*WW{~R*^U uMdv
 
G<o l_lRr^p(Y\[/^TVU"URrd~TP^J _TPWX/RMU|p"TXY\[
:`9pIstUXTXMdlp{xUR*dtUXT&`9W
`:b>p
J
` + pU^JMoU TPd TZRCDSR*WWXRzb>d] lRr^C9x`9dldtb>d w p*`l_9cX`WPW|R*^"^(RrTXY\[tU
K
 
G<o
4L
`9dg`Y\[~T^( :`9p

`/UX^TVb9ov  `WPTVb9ovNMfW&R*T&Y\[
w
R<~TXY\[tU|~TXRilR*^[]R*^
w
R*pUR*WWVUﬀb>d] TZR
DSR*WWXRfsR*[l^U
d-`Y\[ RrTPd]Rro SdtUŁR*^pJY\[g~TPd
w
Rr^ ~TZRlRr^k>b>oOnb>[]RŁxjUŁR*dtUTa`9W k>b>^ jY\s

]	M#$% #)'J"CD M %  *Z&g\HI(Jﬃ1" '$s1"(JMI(JO7! "% ')!Pﬂ	')=P6*67';eﬃﬂ	67!u- #)&($M(G'$&CDQ7% '9 $\"CD * M2
* #5KQ Cﬁ&25"![4M#)(3]	1	
Q S
I"26K #)#$&CDI(Aﬃ'Y(^S_4ﬀﬃ#)*r* M#=/G1	 MI(J#JN(Jﬃ1" '$ﬂ	#$"* &I(,4ﬀ&* M#
"%
f
ﬂ	M-6"%=(ﬀ%= **=ﬃL*u!&!ﬃdH7D #Y(;M% 2 5ﬀ% D MsP1"($I(Jﬃ"!:M% # - CH9
; ﬃ?KCD67 ﬃ')2,M:S6* ﬃ?M% #f0 ﬃ *=#$%= ﬂq* #ﬀ1	-Bﬂ	M6" I(JM=% #)1	!ﬃ1	ﬂ"ﬃ'$CD=)_#$Hi#J"=He%=ﬁW
ﬂ	
f
- D #):S'$& *Q- &'\D=%=($w &CDi(G]	1"!ﬃ!ﬃ'Y(R"=* ﬃﬂ3ﬂ	Hi!ﬃR"#)(9 )0'G4ﬀﬃ#)*]	M#$2z%ﬁ(JM(SP* )(5* &+g\HI(J[W
]eﬃ#)%  ﬂd]"1	,& D &- &($1	#$&'$CD+4ﬀ&#$H7 * M=$G#)]" M!&!ﬃqM%,Mﬃ M#)\I(JM#$* #'- CHi%  ﬂ+1ﬁ* M#T4M ﬃﬂNW
')($ 'K0#)2,& * M#$%  ﬂa*=# %  M#)40- ='$CDI(JM:S
f
MD !ﬃﬂ"!ﬃM&($M(JM1$\M#)]" ')ﬃﬂ	67!ﬃ
f
- D #Y(
3 KZ!ﬃ"CHj6
V
8
3 eD ^"!F&:6#"M8 9
\2 Mﬃ3g;HI(J&1	 ')sP1"($I(Jﬃ"! - $G% #)1	 5" #)ﬂ	M5%,H>ﬂ	= :Si2z% (+* & : MCD '$M!ﬃ')s6" i%  ﬂ
* #9$\%=#$1	'Y(Jﬃ2w% !O7($ﬃ1	ﬃ2RQ6#$Mhe%= M-PM#$&CD -=ﬃ'dC=9 ﬃ!I7H:2Gl!ﬃ&ﬂ	M 3 ; X( ). J >8o9JS"zDlﬂ	D M#
* ﬃ,ﬁs " i%  ﬂ	'$"23s !ﬃ[(J% * 7S{* 'Y(J1 MD #+H"1	232w(+'wM% Mﬃ M# ; MsP1	!ﬃ"#$&'$&#$%= ﬂ<]	1	 *uM!ﬃ!&:9
8TQ#)hi% M M}"-
106
2\Bﬃ'Y(l* M#5es6" i%  ﬂ"'J" 'Y(J&ﬂ- M4c9 Wx"-
f
"!&!E')1 ')CD  M!ﬃ!oS *6)(k* &
*u!&!ﬃ, ﬃCDI(a* "#J"%
f
#$^7ﬂ	ﬃM#$<H9ﬂ	  M:9ﬁ&VUp'$D=XWd& d23&($($!ﬃM#$;ﬁs6" i% =ﬂz]	1	I?KL%  *
4M#$* M=ﬃCDI(G* s1	!O7#$ﬃ')ﬃM#)(^Se% 67- D6R" ﬂ"ﬃﬂz]	1"* M#Gﬁs6"=e%= ﬂ	'J72,s !&&($% * ?%  *Z* M#Ge(J#)1	2qW
* ﬃCDI($3 8#$% ﬂ"ﬂ	 C7(J "
 
8 9Q -=# * & $\M% #$1"')(J&2z% !ﬃ7(J&1	?4M#$* M-=- !ﬃ&CD #Y4Mﬃ'$ 5GMCDi($CHis % !&'$
2,[(?& #bg;23s !&&(J%=* z]	1	j4M ﬃﬂ"UK01"!&(c%  * & #+._% !ﬃ')- #$M&(Jl]"1	 Mﬃ &ﬂ	jDi%  * M#)(
µ
'
ﬂ	M4R"D ![(^9
V 
g;- -=ﬃ!ﬃ*=%  ﬂ
S
9 XA-Y\[]R*o` RrTPd]Rr^To xWa`9dtUTZR*^<UŁR*d

Rb>^(p<UTob>Wa`/UTZMdlp(RrWXRrs]UX^(jlR

SdtURr^ lRr^
`/b/UWPTZR
w
UTXR R*^_TPd]tb9d
w
k>~Tp(Y\[]Rrd WXRrstU^(jlR4b9d] >x`9d/d]b9d
w
ps9`l_/R*W
 L
TZR*p(Rrp~TXRilR*^v
b>o ~T^(`9d R*Td]R*o k9~
RrTVUŁR*d ]URY\sR*^ozT{UlRro ]Rrp<UXp<UTob>Wa`/UM^uR*^<_/b>d]lRrd  MRiM^
w
T G
 
` 

; ﬃQe($ﬃ2z% !ﬃ7(J&1	 ')!ﬃMHI(J#$1e* A4ﬀ&#$*r*=% #$CD}Mﬃ M} M% #$1eCD ﬃ#)% #$ﬂ"ﬃ'$CD= )_ﬃ=ﬂ	#$F3 ﬃt*6"'<>?XW
D ﬃ#) * M'?. 7($ﬃMi($k&2,s !ﬃ"I(J&#)(98; M#?. 7($ﬃMi(;ﬃ'Y(;4R"D #$M ** ﬃM'$M#

sPM#J7($ﬃ1	-PM]"1	!ﬃ!&2
8M4ﬀ% ("(J')ﬃu9 )_ﬃK0#)- ﬃ *=%  ﬂ	')H77-PM! 4ﬀ&#$*Q-=ﬃ'\"%
f
2ﬂ	D w*=#;g\% ﬂ	M % I(JM#;* &2/G1	s
f
D6"%ﬁ(
]	M#$!ﬃMﬂ"(^S6*=1	#)(ﬀ(J#)&()(ﬀ'ﬀ4ﬀﬃ*=#ﬀD #$"% 'G%  *H77 M% #7/\1	I($#$1	!&!ﬃ?23&(aMﬃ M2 +M')($')(J&2z% !ﬃ7(J1	#
]	M#$- % =* k4E#$*=m| 'M9ug\- -:9
S
9 "~X9uﬁ15HN" 4VR"D=#$=*k* #

s#$7(J&1	*=ﬃ 0 7ﬂ	w* M#9)_!ﬃMH	W
(J#)1ﬁ* ?1"s=(J&2,&#)(E4M#$* M:9
; ﬃl1"s=(J&25"!& : #Y(J
f
- #?*=ﬃ3e($ﬃ2z% !ﬃ7(J&1	 ')s6"#J72,X(J#Gg;23s !&&(J%=* "S Q6#$hi% M 3%  *j._% !ﬃ' W
- #$M&($ '$& *
f
- # )*= . 7($ﬃMi($ ﬃ *=&]eﬃ* %=!ﬃ!ﬀMﬃ M% ')($!ﬃ!&:9 *u%@* ﬃM'$2 *P4MCH}'$& * * &
)_!ﬃHI($#$1e* A&,*=#M#$'Y(J=: 1eCD \]"1	A& 2  Cﬁ($#)  + 'Y(J')($ﬃ2z%=!O7($1	#02,[(R: CD='$!&'$s67ﬁW
i%  ﬂA]	M#$')1	#$ﬂ"(9;d"23&(\HN" k* M#?. N(JﬃMI(?'$M!ﬃ- 'Y(R" *=ﬃﬂA* &
f
- #\ﬃD Qs6"'$') *= . "#$"2,X(JM#
D #$"% '\.6 * M:9_8ME67CD ﬂ	M4ﬀ&') M2 )_#
f
1	!&ﬂQ* M#2+ 'Y(Js D67'$A4ﬀﬃ#)* * M2 .7(J&I(zMﬃG$\%eW
#$1	'Y(J&2z% !ON(J1	#\M4ﬀﬃ')CD 2;"%ﬁ(c%  * 8#$% 'Y(J2z%='$H"M!E&2,s=!O"I(J&#Y(;% =* * & K0#)- ﬃ *=%  ﬂ	')H77-PM!
% I(JM#G*=ﬃy2\"%=(a]	M#$!&ﬂ"(98; #7$G% #)1	')($ﬃ2z% !ﬃ7(J1"#E4ﬀﬃ#)*<]	1	2 g;#$X(G2,[(V* MZ1"s=(J&2,&#)($Bi(J[W
2z% !ﬃ7(J&1	 '$s "#J"23M($#)As #$1"ﬂ	#J"2323ﬃ#Y(V% =*- -#) ﬃ232w(a*=ﬃd4E&($#)%$G% #)1	')($ﬃ2z%=!O7($ﬃ1	:9
  
 
 ﬁ     ﬁ	ﬂﬁ 
      ﬁ
  ﬁ    ﬁ	ﬁ     ﬀﬁ  ﬁ
    
 ﬁ
6JI
; ﬃM'$M#lg;- ')CD  &()(qﬂ	DI(3"%
f
*=ﬃ5-')1	 * M#$ﬁ&CD #)D [(J'$s=#$1	- !&2,7(J&HﬃuS * &A-PM
f
K 5 +W
\I(JM#$')% CDi%  ﬂ	M]	1".7(J&I(JMB2,[(Vﬃ23s !ﬃ"I(JﬃM#)($#n%  *B%:9 +9=')1	ﬂI"#V"HI(J&]"#0$G% #)1	')($ﬃ2z%ﬁW
!O7($ﬃ1	='$& D M&(a-'Y(JDI(9u._#$1"- !ﬃM2,?H9ﬂ	  M I(J'Y(JMD k* %=#$CDQ23CD " ﬃ')CD %/c#$R
f
(Jb"%
f
* &
2,X("!&!ﬃ&'$CD M x23s !ﬃ"I(7($"S	& * % Mﬃ#Y(J\ﬁs67 i%  ﬂ	MAﬃ3*6"'e(J&2z% !ﬃ7(J&1	 '$' &e')(JM2 %  * +M2qW
sPM#J7($% #$M#$Dlﬂ"De%= ﬂ	Q"B* #7)_!ﬃMHI(J#$1e* c- X4c96* 2 K0M#$- & * %  ﬂ"'$HN"-! %=2 ._% !ﬃ')ﬂ	-#M9
x@* @!ﬃX(JX(J S	7D #$M H71	 I(JM i(J% * & Mﬃﬂ":SV* )(mK 5VW \I($#$')% CDi%  ﬂ	M ]"1	 $\%eW
#$1	'Y(J&2z% !ON(Jﬃ1" '$s6N(JﬃMI(J<1"D  %/\1	23s !ﬃ&HN7(J&1	 5* % #$CD=ﬂ	
f
- D=#)(;4E#)* QH>ﬂ	 =3 5GM^"  J 8
3 5ﬀ" I  M8{3U8D ]7"#$ )%8I  M8V3 *uD6" ﬂJ 
S
8{3 + #$1"  ﬃM#  J M8o9T; M#6K0#)'$% CD '$"%
f
-67%:S:* M#;ﬃ* ﬃM'$Mkg;#YW
-PM&($ ]	#Y4M * X(A4ﬀ% #$*=/|ﬃ6"HI($&]	e($ﬃ2z%=!O7($ﬃ1	:S  &CDi(5" ﬂ"'$CD=!ﬃ1	')'$=M)_!ﬃMHi($#$1e* ~S0ﬃ')(
"!ﬃ!&#)* ﬃ ﬂ"'T ﬃCDI(n]	M#$ﬂ	!&ﬃCDi-67#E23&(0* M2 )M ﬃﬂ":Si* M#
f
- #
f
K 5 +W \I($#$')% CDi%  ﬂ	MB2,[(R$\%eW
#$1	'Y(J&2z% !ON(Jﬃ1" "!&'c. "#$"* ﬃﬂ"25A 17(x4M ﬃﬂ<4R"#$79 xj* &'$M2 Q"!ﬃ!ﬃ'Y(c6R"23!ﬃﬃCDk*=ﬃ3e($ﬃ2z% !ﬃNW
(J&1	 '$M!ﬃMHi($#$1e* c4VR"D=#$=*k* #dK 5aWx8ﬃ!&* ﬂ	M- %  ﬂ32,[(G* 2 + ')($')($ﬃ2z% !ﬃ7(J1"#ﬀ]"#)- %  * M:9; M#
+M')($')(J&2z% !ﬃ7(J1	#V4ﬀ&#$*ZﬃZ#$Mﬂ	!&25R)("ﬃﬂ	M<g;- 'Y(R" *= MﬃﬁWE%  *Q"% ')ﬂ	')CD6"!&($M(;%  *Q*=ﬃI(G'$1NW
2,[(n* #A5GMﬃs=#JR"')I(7($ﬃ1	u9 : &!* # +M')(J'Y(J&2z% !ON(J1	#E"!ﬃ!&#)* ﬃ ﬂ"'
f
#$#)1	2,"ﬂ	 X(Jﬃ')CD5&')(^Si*67#
f
#q &CDi(,ﬃ2 \I(JM#$')% CDi%  ﬂ	')#J"% 2 ]	M#)4E * X(A4E#$*=:9e(N($(3* ')'$Mr4ﬀﬃ#)*mM#57% (	#)D6"!&-
* #|2Q WH/c"- ﬃ=G]"1	<& 2 g;#)M(a-M(JR7(J&ﬂ"(^9 ; "D #-PMlﬂ"(J&ﬂ"(E25",& K0#)!OR" ﬂ"#$%= ﬂ	'$HN"-!
M4ﬀ&'$CD MM)_!ﬃMHi($#$1e* c%  *+M')($')(J&2z% !ﬃ7(J1	#M9
; #ﬂG2,'Y("=*:S"*6 (?* % #$CDq* &')'DK0#)- ﬃ=* %  ﬂ	')HN"-PM! * M#ne(J#)1	2,Hi#)ﬃ' "% 'P)_!ﬃMHI(J#$1e* 7SJ+M')(YW
')($ﬃ2z% !ﬃ7(J1"#d%  * 2\&#$ ﬂ	X4M-P3* M'w.7(J&I(JM ﬂ	M'$CD !&1	'$') 4ﬀ&#$*:S ')14ﬀﬃq* ﬃ(+7(J'$"CD 7S * )(
* #de(J&2z% !ﬃ7(J1	#a4R"D #) *k* M#\I($#$')% CDi%  ﬂBM&(x4E&'$l"HI($&]Zﬃ'Y(^S% I(J#)'$CD Mﬃ* X(c* kD=ﬃ#
% I(JM#$'$%=CDi($,K0#)'$% CD='J"%
f
- "% | 'M9g\- -:9
V
9
S
~?]"1	/* M2 * #+-PM#$M&(J'b#Y4VR7D I(Jmi(J% * &:9
g;% ("#$*=2 4E#)* 
f
- #T*=ﬃVHi!ﬃ& ﬃ')CD 
f
K 5 +rehi% =3]	M#)4E * X(^Si* &V"9 +?9	#)D -=!ﬃﬃCDz]"1	
*  ) &ﬂ	m"-I4EﬃCD=:S_* &Aﬃ
f
#'- D M#$te($% * &F]	M#)4E * X(,4ﬀ%=#$* M:9)x '$-')1	 * M#$B* &
:@ﬃ#)He%= ﬂ ]"1	@> 5O) WB)0.)oWYehi% = |
f
- #58

0 ;GW K')'$% =ﬂ	~5%= *@E) WB)0.)oWYehi% =
|
f
- #0;\ 3P% '$&1	 '$23')'$% =ﬂ	~V4ﬀ% #)* Z%=]"1	#G ﬃCDI(G% I(JM#$'$%=CDi(9
)_'ﬀ4E#)* QﬃB* 
f
1	!&ﬂ	 *=/b7s &($!ﬃ<*=ﬃ \#)'J"CD=
f
-=#Gs1"($I(J&!ﬃ!&c>?
f
"D #)Z-PM'$CD #)ﬃW
-PM:S=*=ﬃ;K ("4E#Y(Jc"%='a._D6"I(J1	23')($% * &A*67#$ﬂ	M')(JM!ﬃ![(% =*A* ﬃ')Hi%=(J&#)(9E;\ﬃ;* "#J"%='
f
1	!ﬃﬂ"ﬁW
*  )_23s
f
D !&%  ﬂ	M
f
- #l& F')ﬃCD M#$MﬀGi($#)'$% CDi%  ﬂ"'J"- !ﬃ"%
f
'$ﬃ=*m&/& 2 '$MsPM#J7($
/c"s &($!0|
 
~%='J"232,M ﬂ	
f
)("(^9
xqﬃ=2 !&M($M(JMqg;- ')CD  &()(04ﬀﬃ#$*q7%
f
*=ﬃﬀKﬂ"ﬂ	!ﬃ&CD H"M&(_Mﬃ M#_[("%
f
ﬂ	!ﬂ	')($lﬃz]e[]	1 +M2qW
sPM#J7($% #$H71	I(J#)1	!ﬃ!&?* % #$CDQK 5VW 8&!ﬃ* ﬂ"- % =ﬂlﬃ=ﬂ	ﬂI7 ﬂ	u9
  	
  
 ﬁ    
K01	2 >?#$%= * 2,"ﬂ	 X(
f
!&*k& 'bK 5VWH+ 1	231	ﬂ	#$"s D MjH9ﬂ	  M 23CD " ﬃ')CD  /c#$R
f
(Jq7%
f
MﬃﬁW
M!ﬃ ,8'Y("=*=(JMﬃ!ﬃq* M' $G% #)1	')($ﬃ2z% !ﬃ7(J&1	 ')' &e')($23'b4ﬀ&#$H"M:9 ; ﬃ - - !&ﬃCD ﬃQ6!&* ')(JR"#$H7,* M#
D %ﬁ(J%ﬁ("ﬂ	jHi!ﬃ& ﬃ')CD Mﬃ ﬂ"'$X(JX(J >cM#JR7($j!&ﬃMﬂ"(<ﬃ2 8#)ﬃCD ]	1	ﬃ + -=ﬃ'
S
+?9ﬀg;%
f+f
# W
#$1	2,"ﬂ	=M(J&'$CD 3e% - ')(J" MG-=-PM * M#J"#Y(Jﬃﬂ<'Y("#)H"5KQ"ﬂ	=M(
f
M!ﬃ* M#c#$D=- !&ﬃCD  /?#JR
f
($q"% 'M9
; ')D6"!&-zﬃ'Y(T' % I(J#)'J"ﬂ7(^S
f
M#$#)1	257ﬂ	 M($ﬃ')CD aﬁ%=- ')(J" Mqﬃz* M \I(JM#$')% CDi%  ﬂ	')#J"% 2 MﬃﬁW
% -=#$ﬃ=ﬂ	:9
; ﬃE8M')(7 *=(JMﬃ!&n*=' &2 5\7D 2,M+*=ﬃ')#g;#$-[({]	#Y4M * X(J$G% #)1	')($ﬃ2z% !ﬃ7(J&1	 ')' &e')($23'
|<)_!ﬃMHI(J#$1e* T%= *LK0M#$- & * % =ﬂ	'$HN"-!iKZ1ﬁ* M!ﬃ!
S4S
 
"+P^K*=($#$1	=ﬃC"S dﬁgP^'9g\- -:9
V
9  "I~u')ﬃ *c7% '
& #l._!ﬃ7(J&ﬁW x#)ﬃ* &% 2qWŁ0 ﬂ	&#$%= ﬂ<ﬂ	
f
M#)($ﬃﬂ"(w%  *F*6"23&(w* O725"ﬂ" M($ﬃ'$CDu9 $G% #z* M#>+M')(J'Y(J W
2z% !ﬃ7(J1	#\| K1ﬁ*=!ﬃ!
S
6  
V
P KZ*=($#$1	 &CPe'9ﬁg;- -:9
V
9  7-~n&')(
f
#$#)1	2,"ﬂ	 X(Jﬃ')CDA%  *<2w% (z* M'$D6"!&-
"% (	M#$D67!ﬃ-b* ' \I(JM#$'$%=CDe%= ﬂ	'$#$"% 23'_- !&&-PM:9 )0' 4M#$* Ml* ')D6"!&-wH"Mﬃ "!ﬃ!&% ﬂ"#$1 (	M+23XW
CD6" &'$CD MM/?#JR
f
(Jc"%
f
* & )0& M!&($ﬃ!&d* M'; &ﬁ'Y(JM2,'G#Y4V"#Y(JX(^9
>cM#$& ﬂ	0/?#JR
f
($ﬀH>ﬂ	 = )M* 1ﬁCD3(J#)1"(JM* 2 "%
f
(J#$X(JM:S
f
"!ﬃ!&'T*6"' $\M% #$1	'Y(J&2z% !ON(Jﬃ1" '$' &ﬁ'Y(JM2S
4ﬀﬃqﬃ2 % % I(J#)'$% CD= * M Q7!ﬃ!oSP& jﬂ	')CD !ﬃ1"'$'$M mi(J#$1"2,Hi#$Mﬃ'?- &!ﬃ* X(,| 'M9 g\- -:9
V
9
S
~X9
)_!ﬃHI($#$ﬃ')CD cﬁs " i%  ﬂ	MBH>ﬂ	 =B* % #)CD8EM4Eﬂ	% =ﬂ3&B>?#$%  *=25"ﬂ" M(
f
!ﬃ*uS:2 Q WYi(J#J7D !ﬃ% =ﬂ
1ﬁ*=#;>c#$"* ﬃMI(J='$CD6"![(J% =ﬂ5ﬃZ* Me(J#)1	23He#)&'\& * % Mﬃ#Y(\4E#)* F| '9T/c"s:9
V
~S4"'dMﬃ M
!&HI(J#)ﬃ'$CD=qe($#$1	2 c% #'Q1"!ﬃﬂ	0D67(9g;%
f
* Mz')($#$1	23* % #)CD61	')'$M  0 [(J# ﬃ2 K"ﬂ	 X(
f
!&*
B
4ﬀ&#$HI(G*6" B* &b&D #$M# \#)'J"CD=+Mi($ﬂ	ﬂ" ﬂ	M'$X(JM($0 1	#$MI(JHi#$
f
(
F L = −I
∫
B × dl , |   9Fﬃ~
6  
6S
41"-PM
dl
&Bﬃ/.6=&(JM'$&25"!&'R: Mﬂ	')( - CHBﬃA(JMCD  &'$CD M#?e($#$1	23#$&CDi($%  ﬂl&')(^9
x25\7D 2,M *=ﬃ')#+g;#$-[(c4ﬀ% #$* 
f
- #+K 5VWH+ 1	2,1"ﬂ	#J"s=D j* #CQ6!ﬃ*=')(R7#$H"M ﬃ	S
V
+ |  &e2qW
s D 1	#&"S0ﬁﬃM2,M 'S )_#$!ﬃ" ﬂ	M~b% =*
S
S I?+ | +#)ﬃ1 S ﬁ&23 'J~bﬂ	Ms # -
f
(S 1	- 0{1"#$=Hi#JR
f
($"S ]"# W
% #$'$"CDI(3* % #$CDm8X4Mﬂ	%  ﬂjﬃm>?#$%= * 2,"ﬂ	 X(
f
!&*:S 2Q W e(J#$"D !ﬃ%= ﬂ 1e* #3>?#J"*=ﬃI($ ')CD6"![W
(J% =ﬂ S0"%
f
($#$M($:9R*u%m* &'$M2 *P4ECHF4ﬀ% #$*=* &	)_!ﬃHI($#$1e* 	- -PM#q*6"'>K0#)- ﬃ *=%  ﬂ	')H77-PM!
"Q*=M+ 'Y(J')($ﬃ2z%=!O7($1	#;7 ﬂ	')CD !ﬃ1"'$'$Mk%  * &&'$1"($1	 &'$CD 2/\1eCD 'J"!&!ﬂ	'$% =ﬂk|<IﬁS   $\#@!~
& ﬂ	M(J"% CDI(^9 ;d"'Ve(J&2z% !ﬃ7(J&1	 '$' &e')(JM2 4ﬀ% #$*=dﬃ =#$D "!ﬃ-3* 'V>c#)%  * 2,"ﬂ	=M(
f
M!ﬃ* 'n-M4Eﬂ"(S
& 257!P4R"D #$M *Q%= *Mﬃ 2,"!P6"CDQMﬃ M#GK 5VWYﬁMhe%= 79
)_'34"#3%rH7& 2 *uM&(Js=%  HI(3ﬃ=Q. 1	'$[(Jﬃ1" 'JR"=* #)%  ﬂj* # )_!ﬃHI($#$1e* B1ﬁ* M#qﬃD #)#>K0# W
- ﬃ=* %  ﬂ	')HN"-PM!_%-1	-67CDi($:9 ;d7D #cHN" j*6^]	1	 "% ')ﬂ	ﬂ	" ﬂ	Mj4E#)* :S{*6 (Z*=ﬃ0 1	#YW
I(JMHi#JR
f
($,M% ﬂ	M#$& ﬂB'$ﬃ=*:S:% 2y*=ﬃq.1"'$&($ﬃ1	* M#L)0!&HI(J#)1ﬁ*=3&2 >?M4E-l]	#$R" * M#$/%= *
*6"* %=#$CD2\ﬃ#) ﬂ	X4M-Pb'$CD6R7* ﬃﬂ	MM%H9ﬂ	  M:9
  	
  
 ﬂﬁﬁ ﬁ	ﬁ
; ﬃM'$U/c"s &($!d-D " * M!&(Z* ﬃ ﬁs " i%  ﬂ	')s % !&'$"SG* &j&2 e($ﬃ2z%=!O7($ﬃ1	 ')' &e')($2 7%
f
ﬂ	#$%= *
* #ﬃ2`K 5aW +1"2,1	ﬂ"#J"s D=54ﬀ&#$Hi'J"23Q6M!ﬃ* M#Vﬃ *=% &#)(E4M#$* M:9PKﬂ	ﬂ	!&ﬃCD \#)'J"CD M
f
-=#
ﬃ *=% &#)($des6" i%  ﬂ"A4E#$*=B*6"#)ﬂ	'Y(J!&!&(SI* #Vg\%
f
-6"%5* 'a._D67i($1	23 CﬁsPM#$&2,Mi($'E-PW
'$CD #)ﬃM-PM:S KZ ("4E#Y(Jds #$R"'$MI(JﬃM#)(%  *A* &6/G1	 ')hi% =
f
- # \I(JM#$')% CDi%  ﬂ	MZ]"1	<. N(J[W
I(JM23&( $\%=#$1	'Y(Jﬃ2w% !O7($1	#$M<* ﬃ')Hi%=(J&#)(9
  
# 	
xl* #_K 5aWx8ﬃ!&* ﬂ	M- %  ﬂdﬂ"ﬃ-=( ' ]eﬃM# /\1"2,s1	 Mi($:S7* ﬃaﬁs6" i% =ﬂ	qﬃlMﬃ Mlﬂ	')CD !ﬃ1"'$'$W
 lM!ﬃMHi($#$&'$CD M /?#)ﬃ'ﬃ *=% &#$MlH	= =A"')(N(Jﬃ')CD 'n>?#$%= * 2,"ﬂ	 X(
f
!&*:S2Q W e(J#$"D !&%  ﬂ S
257ﬂ	 M($ﬃ')CD E>c#$"* ﬃMI(J
f
!ﬃ*=#{%  *b* ﬃ0M!ﬃHI($#$1	2,"ﬂ	 X(J&'$CD M Q6!&* #MS* ﬃ0* % #)CDw* M )_!ﬃMH	W
(J#)1	2,17(J1	#:*=#. 7($ﬃI($ !&ﬃﬂ"0]"#)% #$'$"CDI(T4M#$* M:9?; ﬃM'$0]ﬁ&# /\1"2,s1	 Mi($+H	 =z* %=#$CD
M4EV%=i($#)'$CD &* !&ﬃCD ZKMCD6" &'$23 23&(+* 2 e(J&2z% !ON(Jﬃ1" '$' &ﬁ'Y(JM2 4ECD='$![4ﬀﬃ#)H" A xeW
* % HI(J&1	B%  *Zg;I(JM  M  3PHI(^9
  #$  ﬂ   >?2,R)(k* M2 Q7#J"*6 &e'$CD= >?')M($Z4ﬀ&#$*mﬃ & mﬂ	')CD !ﬃ1"'$'$M  e(J#)1	2qW
Hi#$&'S *=#a]	1	& 2 KQ"ﬂ	 X(
f
M!ﬃ*Z* % #$CD='$M($M(\ﬃ'Y(^S * &+ﬁs6" i% =ﬂ
Uind = −1
c
d
dt
∮
F
B(t) · dA(t) | V 9Fﬃ~
ﬃ *=% &#)(S:41"-PM
B(t)
*=FK"ﬂ	 X(
f
!&*=]	MHI(J1	#+%  *
dA(t)
* M,$\1"#$2,"!ﬃMi]"HI(J1"#+7%
f
 W
 2 ﬃ
	6=&(JM'$&25"!& )0!&23I(c* M#c]"1	2 e($#$1	23Hi#$Mﬃ'd% 23'$CD=!ﬃ1	')'$= Q!OR"CD 
F
*6"#)')($!ﬃ![(^9
6
 
  7
E

e   

M 6
V
)_ﬃlﬃ=* % &#Y(J#_ﬁs6" i% =ﬂ	'$'Y(J1 (c#)ﬂ	ﬃ-ﬁ(_'$&CDle%=3MI(x4M* #E"% '_Mﬃ M#TM&(J!&ﬃCD M;=* #)%  ﬂ
]	1	
B
% =* 71e* #
F
9
)_ﬃ E[(J!&ﬃCD ; * M#$% =ﬂc]"1	
B
')($!ﬃ![(T*67' )_ﬃﬁW:%  *lg;%='$'$CD "!&($q* # 25"ﬂ" M($ﬃ'$CD=q>?#JNW
* ﬃMI(J
f
!ﬃ*=#ﬀ*6"#M98')1	 * M#$'GD 1	D 1: #)($
f
-=# dB
dt
4E#)* Q-PMﬃ2 eCD6"!&($Z* #VQ6#$Mhi%  W
H"1e* ﬃM#$% =ﬂ;]	1	 )n.)oW ﬁhi% M M,% =*l-PMﬁ* M#T._#JR7sPM#J7($ﬃ1	b]	1	l* F3u%='$ﬃ1" '$ﬂ	X4ﬀﬃCDI(JX(JMqK 5VW
ﬁhi% M M 3Ue(J )'$HN"!P6
V
8 M#$#)ﬃCDI(968&* ?'$& *
f
- #
f
K 5 \I(JM#$')% CDi%  ﬂ	M  1"(x4E *=ﬃﬂ 98; "'
)_ﬃﬁW:%  *lg;%='$'$CD "!&($q* #_>c#$"* ﬃMI(J
f
!ﬃ*=#40-=#$* ﬀes6" i%  ﬂ"'$')(  (	G"![(J#) ﬃM#$M * # K01	#YW
MﬃCD MQ23&(
f
M')($2 M&($!ﬃﬃCD=Bg;- !ﬃ"%
f
D M#)]	1"#$#$%
f
:9
)_ﬃ \ * #)%  ﬂm* #<]"1	2 KQ"ﬂ" M(
f
!ﬃ*@* %=#$CD ')M(JX(JM Q !ﬃR"CD 
F
#$ﬂ"ﬃ-=(<')ﬃCD:SV4E=L* M#
. 7($ﬃMi(G&<*  K 5aW +1"2,1	ﬂ"#J"s D=<D & &ﬁW01e* #ﬀD M#J"% ')ﬂ	
f
7D #$MZ4ﬀ&#$*:9
   ## 
	   ﬂ ; &zM4E[(J \#)'J"CD=
f
-=#dﬃ *=% &#)($qﬁs67 i%  ﬂ	M &2 $G% #)1	')($ﬃ2z%=!ONW
(J&1	 '$' &e')(JM2 &')(;* ﬃ+#$')1	6"I($>)_ﬃ H71	s s !&%  ﬂA* M#;M!ﬃHI($#$ﬃ')CD N/G1	23sP1	=I(J+* #dM!ﬃMHi($#$17W
257ﬂ	 M($ﬃ')CD g;=#$ﬂ"%  ﬂ	')s % !ﬃ')"S * M#c'$1	ﬂ	M6" I($3g\I(J=   3uMHI(3 ﬃ%8IJIM8V3 ._ﬃCX(JM( I  8 9; &
!&HI(J#)ﬃ'$CD=6/G1	2,s1	 MI(J
E
#)ﬂ	ﬃ-=(SI-
f
7!ﬃ!ﬃ'07% 'E*=2 Q"#J7*6 &ﬁ')CD <>cM'$M($"Si& \ﬁs6"eW
i%  ﬂ	'Y]	#Y(JMﬃ!ﬃ%= ﬂ
Uant =
∫ b
a
E · dl | V 9 "~
ﬃ Mﬃ M2 : ﬂ"')( -=CH
dl
I(J!ﬃ" ﬂ<Mﬃ M2 M!ﬃHI($#$ﬃ')CD  M&(JM#;]	1"2 ._%  HI(b5M% 2y._% =Hi(c-u9
Uant
&')(E* ﬃ?ﬁs6" i% =ﬂ S=* &;X4ﬀﬃ'$CD=B* 	)_ *=B* ' ; #J"DI($')( -=CHe'\"-
f
R7!ﬃ!&(ﬀ3 Q !ﬃ& (	- "CD8IJI8o9
ﬁﬃ<&')(q% 23'$1ﬂ	#  (	M#S)B')(JR"#$H7#q*6"'qM!ﬃHI($#$ﬃ')CD  QM!ﬃ* "2 : Mﬂ	')( - CH
dl
% =* )BHi!ﬃMﬃ M#
* #9:@& H"M!TM4ﬀ&'$CD M *=2 M&(JM#;]	1" A "CD-j%= *k* # 5ﬀﬃCDI($%  ﬂB* 'IQ6M!ﬃ* M'
E
!&ﬃﬂ7(^9
5GM'$1	 "I(J>)_ﬃ=H"1	s s=!ﬃ%  ﬂ5H77  )* 1eCD i% #?7%
f
(J#)M(JM:SP4E=k* ﬃ R7 ﬂ	
l
* M' &($#)';* &
D6"!&-P9: !&!ﬃ=!OR" ﬂ";* M#;i(J#J7D !ﬃ% =ﬂ31e* M#GMﬃBﬂI"=^7D !ﬃ&ﬂ	'AK;ﬃM!
f
"CD M'ﬀ*6^]	1	Z-PX(J#$R"ﬂ"( A
l =
λ
2
=
c
2f
√
εgewebe
,
|
V
9
S
~
41"-PM
λ
f
- #_* ﬃ : !&!ﬃ=!OR" ﬂ"V%  *
f
f
- #0* ﬃQ6#)hi% =\* M#Ee(J#$"D !ﬃ%= ﬂc')(JMD u9 ;\ﬃﬀ.M#$23&(YW
(J[]ﬁ[(R7(1e* # ;\ﬃ!&HI(J#)ﬃM&(RN(J'$H71	 'Y("I(J
ε
&')(_Mﬃ V2,7($#$ﬃ"![WP- X4c9	ﬂ	X4M-P"- D6R"=ﬂ	ﬃﬂ	G>?# )(	"9
8e& #" ﬂ" 1	2323 Ml>?M4E-s#$23&()(J[]ﬁ[(R7(
εgewebe
]"1	=ﬃ!IJIG%  *zMﬃ M#F2G1ﬁCD
f
#$hi% M 
]	1	46
 
K 2\
f
-=#V&Mﬃ	S
V
+ K 5aW >cM#JR7(#)ﬂ	ﬃ-=('$&CD
f
-=#V#$M'$1	67i($ /\1	s=s !ﬃ% =ﬂz& d23ﬃ &25"!&
/c"-PM!ﬃ!ﬃR" ﬂ	G]	1	  
S
C2Z9
; ﬃﬁs67 i%  ﬂ	'Y]	#Y(JMﬃ!ﬃ%= ﬂ?D67(& Vi(J#$1"2,* &CDI(JM]"#Y(J&!ﬃ% =ﬂ;ﬃ2 /c"-!iM% # Q61	!&ﬂ	"9 x2 5ﬀ'$1NW
6" 
f
"!ﬃ!i- &!ﬃ* X( * ﬃVe(J#)1	2w]	M#)($ﬃ!&%  ﬂ\ﬃ=E'Y(JD= *  : !&!ﬃnI(J!ﬃ" ﬂ\* ' K0M#$- & * % =ﬂ	'$HN"-!&'
676 E	

 
/ 



M

"% 'MS=23&(VKﬃ &25c* M#Ge(J#)1	2,*=ﬃCDI(J;"<* 	/c"-!& *=:9ﬁg;% 'a* M# /\1"i($ﬃi% [(R7($'$ﬂ	!&ﬃCDi% =ﬂ
f
1	!ﬃﬂ7(^ST*6 (/"t*  /c"-!& *=:S_4E1/* ﬃZD eCD ')($}M!ﬃMHi($#$&'$CD M QM!ﬃ* 'Y(R"#)H"M}"%
f
($#$X(JuS
"% CDj* #1K0M#$'$CD=ﬃ-=%  ﬂ	')')(J#)1	2 ﬃ2 % 2,!&ﬃMﬂ	 *= >cX4M-PqMﬃ M/KQ C=&257!&4E#)(cM#$#)ﬃCD=
2z% (z3 Q!ﬃﬃ (	-6"CD.IJIM8 9 ; 1	#)(EHN" ,'&5* M# Q61	!&ﬂ	ﬀ% #ng;HI($&]eﬃM#$%  ﬂb]	1	5g;HI(J&1	 '$s1"($I(Jﬃ"!ﬃM
%  *+M2,s#$7(J%=#$')($&ﬂ	#)%  ﬂ	MH71	2,23 3 ﬃ%8IJI8 9

 "          #   ﬃ     &"  '  ; &c. 7($ﬃI($ !&ﬃﬂ";4ﬀﬃ#)*:S=67CD * 2`* #G. N(JﬃMI(
"%
f
* #  ﬃMﬂ	csP1"'$&($ﬃ1	=ﬃ#Y(V&')(ﬀ%  ** ﬃ2 Q WYes % !ﬃMZ" ﬂ	M'$CD !&1	'$') ')ﬃ *:S623&(Vﬃ=2 )_!ﬃMH	W
(J#)1	2,17(J1	#'$14M&(nﬃl*=+1	231	ﬂ	#$"s D Mqﬂ	
f
"D=#$uSI- ﬃ'_* &0/ 	#)sPM#$#)ﬂ	&1	:S	7%
f
*=ﬃa%ﬁ]	1	#0&
{"'$M#;s1	'$[(Jﬃ1" ﬃM#)(a4ﬀ% #)* "S*6"' x'$1	MI(J#)% 2 * M'?KQ7ﬂ	 M($ M#$#)ﬃCDI(?D 7(^9; &'$M#9)_!ﬃMHI(J#$1NW
2,17(J1	#VHN"=Z-{8EM(J#)ﬃM-M-PM
f
"!ﬃ!&'ﬀﬁs67 i%  ﬂ	')')( )(	+&B* Qe(J#)1	23He#)&'aﬃ * %=ﬃM#$M:9
;d;* M# 4E&(J"% '_ﬂ	#  ("($!&HI(J#)ﬃ')CD A:@ﬃ*=#$'Y("=*lﬃ2 e(J#)1	23He#)&' *6"'ﬁ2\ﬃ#) ﬂ	X4M-PVX4ﬀﬃ')CD 
* ,-PMﬃ* M )_!ﬃMHi($#$1e* ,*6"#)')(JM!ﬃ![(^SIH"1"2,2w(nM'V"% CD5* 1	#)(E%=2`es6" i%  ﬂ"'J"-
f
7!ﬃ!o9Ig\!ﬃ' Q61	!ﬃﬂ	
ﬃ *=% &#)($#nﬁs " i%  ﬂ	M5HN" qM'nM% 2 %  ﬂ"M4E1	!ﬃ![(Jqg\% '$! 	'$M3]"1	,g\HI(Jﬃ1" '$s1"(JMI(JO7!ﬃl&
* $G% #)1	 BH71	2,23uS * ﬃ;ﬃ<* M#\23ﬂ	- %= ﬂl* #0)_!&HI(J#)1ﬁ* ?!&ﬃMﬂ	|'98/c"su9
S
~X9 : M 
* ﬃlﬁs6" i% =ﬂ	'$s %=!ﬃ'$3&  Q6#$hi% M q%  *jg;23s !ﬃ[(J% *=zD6"-:S *=ﬃl& l'$CD=2,M#$!&ﬃ *=#$=* 
:@ﬃ#)He%= ﬂa4ﬀﬃ_* &_* ' $\M% #$1"')(J&2z% !ﬃ7(J1	#)':D M#)]	1"#$#$%
f
:S4R"#$0& _'J7% -PM#$n._#JR"')I(N(Jﬃ1"+* M'
. "#$"* &ﬂ	257'S *6"'w"% 'ze(J&2z% !ON(Jﬃ1" 'YWﬀ%= *,5ﬀ% D s=D6"'$MF-PM')($D MF2z% ( S{%  2 	ﬂ	!&ﬃCD:9 ; "'
f
K 5oWB) CﬁsPM#$ﬃ23I(a4R"#$b% i- #$"% CDi-6"#M9 ;dqHi!ﬃ& ﬃ')CDZﬂ"i%=(JX(J2)n.)oW ﬁhi% M Mkﬃ=)n.)
)_CD 1I"- 'Y("=* |'9 /c"s:9  e9
 
9Fﬃ~]"1	qC^=98ﬃ^23'_D6"-uS"40- #$*=\* & Q6#$Mhe%= G& #ne($ﬃ2z%=!O7($ﬃ1	
* % #)CDkg;% ')!ﬃ')ﬂ	#$"* &I(JMkﬂ	#$"* z& * ks=D &e')ﬃ1	!&1	ﬂ	ﬃ')CDQ4ﬀﬃ#)Hi'J"23 Q6#)hi% =-#$MﬃCD- &'
ﬃ^Hj2\
f
"!&!ﬃM:9"8E6D 	D=#$MAes6" i%  ﬂ"'J"23s !ﬃ[(J% *=lﬃ'Y(0"% CD3* M Hi-6"#SI* )(c* ﬃVg\HI(J&]e&#$%= ﬂ
"%
f
" * M#$+8#)ﬃCD=+* M'd>?D=ﬃ#$='7-=-PM#$ﬂ	#)
f
(ﬀ%= *Q79 8;9% I4ﬀ&!ﬃ!ﬃH - #)!ﬃ&CD c8M4Eﬂ"%  ﬂ	Mk"% ' W
ﬂ	! 	')(V1ﬁ* M#2\ﬃ#) M!ﬃ!&<ﬂ	M'$CD6R"*=ﬃﬂ"(ﬀ4E#$*=:9
; ﬃl& * % MﬃM#)(Jlﬁs6" i% =ﬂ
f
R"!&!&(	)* 1eCD i% #?* "  - -PM#?* ﬃ()_!&HI(J#)1ﬁ* q7-:S
f
"!&!ﬃ';*=1	#)(c* M#
ﬂ	# )("(J : CD ')!&')(J#)1	2w4ﬀ&* #)')(7 *A"%
f
(J#$[($(9x2 Q"!ﬃ!&V& '0* % #)CD<KQN(J#)O"!&#)2 - * % =ﬂb1e* M#
%  '$"CD ﬂ	M25R)("?8D " * !&%  ﬂlﬂ	M- #$1eCD =	K0#$-=ﬃ * %= ﬂ	'$HN"-!&'V1e* #V1?3uM # /G1	I("HI($c"
e(JMCH"M#$ | 'M9{g;- -:9
S
9  	~d4ﬀﬃ#)* * &Aes6" i%  ﬂQ" M-PM/* &'$M#zi(J!&!ﬃ3"-
f
7!ﬃ!ﬃM:9; 1"#)(+H77 
'b*6"  % Q6% =H"='$CD !ﬃ"ﬂ S ')(7#$H"M# )_#)4R"#)2z%  ﬂ1ﬁ* M#2)_I(J -  * %= ﬂ H"1"2,233 /?% ﬂ	M! I
S
8o9
Q6%  H"M '$CD=!O"ﬂZﬃk(J#)1ﬁCH7 M# %
f
(b')M(JX(b-PM_'$ﬃi% '
f
	#$23ﬃﬂ"#6: CD ')!&'$s6"=e%= ﬂ & ,ﬁs6"eW
i%  ﬂ	')*  3P#) ?]	1"QC^ﬁ9  7H K 7232 ]	1"#J"% 'M9
 


 	   
 
L
   
L
 6J"
>?#JRN(ﬀ%  * Q6!&* ')(JR"#$H7 >?#J"* &I(JM ')(JR"#$H7 >?#J"*=ﬃI($6"=')(J&ﬂ	')#J7($
2\M#$'Y(J!&!ﬃM# ﬃ	+ ﬃB2 +N2 ﬃB2+ | 2 · 'J~
 &e23s D 1	#&	Seﬃ23=' ﬃ	S
V
S
I ﬃ!IJI
+ #$ﬃ1=S6ﬁ&23 '
S
S I   I  4IJI
8&1	'$sC7S68#$%=H"#  ﬁS
S
V
 4IJI  4IJIJI
+ 7-PM!ﬃ!ﬃ
V
9 ﬃ A'tRY\[/dlTPpJY\[]R
L
`/UŁR*d lR*^nuMRr^~R*d]/RMURrd  ﬀv ]o
w
^*`x[tR*dmleRrWXpUV9^"sjR ]o`:Tav
o`WXR M^*`TZR*dtURrdlp<U{9^sRfb>dtyo`:TPo`9WXR M^*`$TXRrd]UŁR*dg`dlp<UXTXR
w
p^*`:UR
 L
TZR
`d
w
R
w
R_/R*d]Rrd	R*^<UŁR
c >^$TXR|o`:To`9WZRMf^r`TZR*dtURrdg`9dlpUTXR
w
p^r`/UR~fb>^JlR*d   R<~
RrTPWPp_lRrTPo gY\[-`9WVUŁR*dlRr^ e-^(Rih/bjR*dlkv
sjjTXRr^
w
^r`TZR*dtURrd ~F9[l^JR*d]lR*^V
Ev
L
`:UR*d-`/b>pWZR*pJR Rr^^(RrTXY\[tU

K01	Q*= & * % Mﬃ#Y(JMkﬁs67 i%  ﬂ	M HN"  7% CD * &CQ6%  HI($ﬃ1	Z* 'O+M')($')(J&2z% !ﬃ7(J1	#)'\-MﬃﬁW
(J#$R"CDI(Jﬃﬂ7(T%  *l* "'0>?#JRN(TM]i($!o9"-')CD6R"* &ﬂ"(T4E#)* :9J: R7D #$M *l* #_K 5aW \I(JM#$')% CDi%  ﬂbﬂ	ﬃ-=(
'n& \ﬁ% s#$s1	')&(J&1	l]	1	Ae(J&2z% !ﬃ7(J&1	 '$')s6" i% =ﬂ?%  *5& * % MﬃM#)(JM#Eﬁs6" i% =ﬂ 9 ;d"'nH77 
4VR7D #$M */* M# \I($#$')% CDi%  ﬂ%  * *6"67CD/% Q6% =Hi($ﬃ1	='J"% '
f
R"!ﬃ!&j1ﬁ*=#c]	#$R" * M#)($#li(J[W
2z% !ﬃ7(J&1	 '$'Y(R"#)H"
f
- D=#$u9
x2 5\7D 2,M+*=ﬃ')# g;#)-PM&( 4ﬀ% #)* * M#M[(J!ﬃ&CD DK0#)!O"%
f
* M#Tﬁs " i%  ﬂO- -PM#*=# )0!&HI(J#)1ﬁ*=
ﬃqg;-=D6R" ﬂ	&ﬂ	H"M&(_]"1	A8&!ﬃ* ﬂ"- % =ﬂ	'$')hi% ="S=K 5aW +1"2,1	ﬂ"#J"s Dl%= *5g\%
f
-6"%3* 'e($ﬃ2z% !ﬃ7(J W
1	 ')' &e')($23'Gﬂ"23'$'):9 )_'V4ﬀ% #)* b"% CDB* M#Q7!ﬃ!ﬃB8X(J#J7CDi(Gﬂ	M1	ﬂ":S * )( K0#)- ﬃ *=%  ﬂ	' W
HN"-PM!ﬂ	M- #$1eCD Mm1e* M#(/\1	I(7Hi($< ﬃCDI(l'$"% -#lﬂ	M'$CD !&1	'$') 4ﬀ% #$*=:9 ;\ﬃQ6%  HI(J&1	/* M'
e(J&2z% !ﬃ7(J1	#)'E4ﬀ% #)* c4VR"D=#$=*Q%  *Z6"CDZ* M#;KZ'$')%  ﬂ - -PM#$s #'-
f
(^9
    "%
$ 	  "#ﬁ	 
  v     ' ﬃ& #  ; &zes6" i%  ﬂ"'$23'$')%  ﬂ	Mk4ﬀ% #$* Mk"* #$M ]"#$')CD ﬃM* = K 5VW
+1"2,1	ﬂ"#J"s D=<% I(JM#$')CD ﬃM* !ﬃ&CD #Q6!&* ')(JR"#$H7B* % #)CD ﬂ	
f
- D #)(9)Q6!&* ')(JR"#$H7"S 2, Cﬁﬃ2,"!ﬃ\>?#JNW
* ﬃMI(J=')(R7#$H";%  *52, Cﬁﬃ2,"!&G>c#$"* ﬃMI(J " ')($ﬃMﬂ	'$#$7(JM
f
- #n* ﬃG& M!ﬃ M<>?#$R7(JG'$& *5&
+ 7-PM!ﬃ!ﬃ
V
9Fﬃl% '$"2,23=ﬂ	
f
)(7(^9:8ET* M-PMﬃ* M >?#$R7(JM* #Qﬃ#$2,<ﬁ&23 ';D6" * M!&(?M'
'$&CDk% 2 Hi!ﬃ& ﬃ')CD ﬂ	Me%ﬁ(JM($,>b"=H"#$s#)($1	231	ﬂ	#J7s D u9 ;d7'b>cM#JR7(?*=#Q &#$2,58#)% H"M#cﬃ')(
&/ Cﬁs#$&2,MI(J!&!ﬃM#%+a&#$')C^"= #z23&(bMﬃ M2 KQ7ﬂ	 M($* % #)CD 2,M'$')#z]	1"
 
I"C2Z9 K&(+* 2
'$MD #cﬂ	#)ﬃ ﬂ	M x  =* % #$CD=2,M'$'$M#w* M'+>c#$"* ﬃMI(J=#$1	D #)'?]	1" ﬃ  NC2 H71	 I(JM * &l-PM'$1	eW
* #)'ﬀ!ﬃ&')($%  ﬂ	')')(7#$H"M >?#J7* ﬃMi($B#$"!ﬃ&'$&#)(E4M#$* M:9Pﬁs&!&!u4Mﬂ	* ﬃM'$M';>?#J7* ﬃMi($ﬁW
' &e')($23'SI*67' : M#)($
f
- # dB
dt
]"1	l- ﬃ' % 6JIJI4+N'T#)!O"% -ﬁ(^S74ﬀ%=#$* a* M#T Cﬁs#)ﬃ23I(JM!ﬃ!ﬃ +1"2,17W
6 
E	

 
/ 



M

ﬁMhi%   K0#Y4M * % =ﬂ +0)}ﬃ<23' +05 ﬃB23'
> 5O) WH)n.)
f
K 5S6.M#
f
% ')ﬃ1	 6
 

S
I
S
IJI4I   >6   I
E) WH)n.) ;  3P% ')ﬃ1	 ﬃ IJI  ﬃ64I
V
IJI4I     4I4I
KQ.P5ﬀgG>L) g\67(J1"2,&
S
S
V
   S      4I4I   4IJI4I
+  >+GE) g\67(J1"2,& ﬃJﬃ   
 
 
S
IJI4I   >6
 
I
+1ﬃwE) g\67(J1"2,& ﬃ!I  ﬃ
V
   4I    "4 
+ 7-PM!ﬃ!ﬃ
V
9  +A |TPWZ
w
R_:b>d
w
p{x`9^*`oRUR*^ lR*^ uMR*^i~
Rrd]lRUR*d gRh/bjRrdlkRrd c 9^
 

 
 v 
M	
 Vﬁﬀﬂ ﬃ! "
 $#E% &('*)+

-,*./0)213 " 547698,2:0.;2
9 
 2<

 >=?= µ
:A@
," " '+B &'*)+"
DCE2F G H476I8?)21?JLK2
*1M  `Nﬀ
ﬂ	#J7s D5&5* &POGi($#)'$% CDi%  ﬂ""%
f
ﬂ	M 1	232,M:9XQ - #*=ﬃ;K 5aW +1"2,1	ﬂ"#J"s D=ﬃa]	1	<K ')CD 
ﬃ'Y(ﬀ#ﬀ"%
f
ﬂ"#$%  *Z'$Mﬃ M#ﬀg;- 23')'$%  ﬂ"Q=ﬃCDI(Gﬂ	Mﬃﬂ	 X(^9
ﬁ+Q$ SR   $&  ﬁ &$&"   8	*=wﬁhi% M M:S* ﬃ_7b*=cHi!ﬃﬃ=ﬃ'$CD=+K 5VWH+ 1	2,1"ﬂ	#J"s=D 
4VR7D #$M *l* #_ﬁs6" i% =ﬂ	'$23')'$%  ﬂb-i%=(JX(_4ﬀ% #$*=:S	D " * M!&(TM'T'$&CDl% 2 e("=*6"#$*='$hi% MﬁW
M
f
- #T* &* F3u% ')ﬃ1	='$ﬂ	X4ﬀﬃCDI(JX(Ja%  *
f
%= HI(Jﬃ1" !&!ﬃV8Eﬃ!ﬃ*=ﬂ	- %= ﬂl|*  3P% '$&1	 ')ﬂ	M4ﬀ&CDi($M($GE) W
)0.$TS
T ∗2
Wxﬂ	X4ﬀﬃCDI(JX(J> 57)TWH)0.$TY~3%  * & kK.R5ﬀgG> )TW ﬁhi% M 
f
- #A* &QD 1eCD6"%
f
ﬂ	! 	')($
;d"#)')(JM!ﬃ!&%  ﬂ *=#Ag\67(J1"2,&"9R*u% '$R7(JM!ﬃﬃCDt4ﬀ% #$* M M4Ecehi% =
f
- #,* ﬃ"67($1	23ﬃ'$CD=
8ﬃ!&* ﬂ	M- %  ﬂ |
T1
E)aS
T2
+G )E~b2,[(c-PM'$1	 *=#$'wD 1	D Mmﬁg95VW : #Y(J ]	#Y4M * X(^ST23&(b* W
 t>?
f
"D=#$ * %=#$CDVUQ Wpg; #)ﬂ	% =ﬂ	'$s %=!ﬃ'$B67CDm1"-PMt7- '$CD6RN(JM(q4E#)* tH"1	 I($:9R; &
ﬁhi% M M %  *ZﬃD=#$c8&!ﬃ* ﬂ	M- %  ﬂ"'$s6"#$"23M(JM#V'$& *Bﬃ	+"-PM!ﬃ!&
V
9 zM% 'J"2323 ﬂ	M')($!ﬃ![(^9
Q - #_* &7;d"#$'Y(JM!ﬃ!ﬃ%= ﬂ+*=#0%,* Aﬁhi% M MAﬂ	D
	#$M * <ﬁg95VW %  *Ae(J#$"D !ﬃ%= ﬂ	'$!&&')(J%= ﬂ	'YW
4M#)($+& + "-!&!ﬃ
V
9
S
2z% (
f
- #a*6"'
S
S I4+W >cM#JR7(ﬀX4ﬀﬃ'$CD=QX4M ]"#)'$CD &* M WU Q WYes % !ﬃM
% I(JM#$'$CD=ﬃ*= 4E#$*=:9 ; ﬃb&#$Hi% !O7#Gs1	!ﬃ"#$&'$ﬃM#)($3| @V.n~O/G1	s
f
'$s=% !ﬃA| '9g\- -:9
V
9 ﬃ~ﬀ&')(\ﬃ=
ﬁ=* XWH)023s
f
"=ﬂ	'$')s % !ﬃ79VKZ&(3ﬃD #q4ﬀﬃ#)*r* &XU Q WYi(J#J7D !ﬃ% =ﬂj')141	D=!;& ﬂ	M')(J#$"D ![(57!ﬃ',"% CD
"% ')ﬂ	!&'$M:90ﬁ&AD67(zﬃ=A &e!ﬃ& * #)ﬃ'$CD=B>cM1	23M(J#)ﬃ79 : ﬂ	M ﬃD #)'lD 1	D= Q - !&!
f
"HI(J1"#$'b-PW
 "($ﬃﬂ"(b'$&,Mﬃ 3ﬂ	M#$ﬃ=ﬂ	#)DU Q WYe($#J"D=!ﬃ%  ﬂ"'$!ﬃMﬃ'Y(J%  ﬂZ"!&'+*=ﬃq4M&(JM#wMi(
f
#)i($=/ 	#$s#)'$s % !&
| 'M9U%:9 ~X9 :   ﬃ2 Q61	!ﬃﬂ" * M -0* M#>@V. WB/G1	s
f
'$s=% !ﬃq]	1	 ﬃ=#+.0!ﬃ7(JMﬃM#$%  ﬂZ* M'2K0#)- ﬃﬁW
* %  ﬂ"'$HN"-!ﬃ'0X4ﬀﬃ'$CD==)_!&HI(J#)1ﬁ* ﬀ% =*Ae($ﬃ2z%=!O7($1	# Mi($!O"=ﬂb*=#E &e2,23M($#$&XW{- X4c9iXWxgaCD='$
* ' + 1	231	ﬂ	#$"s D MZ*=ﬃ15ﬀ* c&')(^Sﬁ-PM* %ﬁ(JM(G*67'a% ﬂ	!&&CDZMﬃ c. 1	'$[(J&1	 ﬃM#$% =ﬂzI(J!ﬃ" ﬂl* M#
 &e2,23M($#$&XW_-=M4c9XWpgaCD '$b* #O@V. WB/G1	s
f
')s % !ﬃ79
; ﬃ5M4E&($A]	M#)4E * X(JQﬁs % !&Aﬃ'Y(z* &
 
WH/b76"![WH/\1	s
f
'$s % !&"9ﬁ&Aﬃ'Y(z* % #)CDt&D #$MFg;%
f
- "%
HN"% 2 ]	1" * #9@V. WB/\1"s
f
'$s %=!ﬃwM% % I(JM#$')CD &* :9ﬀ; % #$CDQﬃD #)w"CDI( /c" R"!ﬃcﬃ'Y(;')ﬃHY)* 1eCD
 ﬀ
<
ﬀX 	   
 
L
   
L
 4 
g;- -=ﬃ!ﬃ*=%  ﬂ
V
9Fﬃ A
L
/#$  8 L:;)>J/>)
	 &
I 
 )>
9 	 /2
*1M
8
   . "26J)2
*1&ﬀ
L
 8 5C    8N
 J  
:P 
*1* >60. ﬀ
f
- # s6"#$"!ﬃ!&!&T8&!ﬃ* ﬂ	M- %  ﬂﬂ	Mﬃﬂ	 X(^9!;\ﬃ_s6"#$"!ﬃ!&!&T8&!ﬃ* ﬂ	M- %  ﬂaM#$2 	ﬂ	!&ﬃCDI(:M'Sﬃcg\- D6R" ﬂ"ﬃﬂ7W
H"M&({]	1	+* # g;=^"D !i* M# /c" R"!ﬃ7S8ﬃ!&* # &c* # '$M!ﬃ->*uM&({23&({Mﬃ M# M#$D "Di($+g;% "'$%  ﬂ=S
1ﬁ*=#?-T* M#?'$M!ﬃ-g;% 	'$% =ﬂ&kH -=#$M#$M#2*uM&(c7%
f
% =D 23:9 ;\ﬃq"CDI(L)_ﬃ M!&'$s % !&:S
"% 'q* M m* ﬃ
 
WB/c"6"! WB/G1	s
f
'$s=% !ﬃ,% '$"2,23=ﬂ	')M(JX(3ﬃ')(ST'$& *m#$& 	)_2,s
f
" ﬂ	')'$s % !&:9
; ﬃ	UQ{W ._% !ﬃ')G4E#)* A]"1	A* M# / 	#$s#)'$s % !&"Si* &\&5*6"'V>cMD6R"% ');* M'aK 5VWH+ 1	231	ﬂ	#$"s D M
f
'Y(EMﬃ ﬂ"-6"%ﬁ(0ﬃ')(S	"%='$ﬂ	M')(J#$"D ![(^9U\&I(J#_*=#n>?D6R"%='$M]"#)He!&&* %  ﬂ+-P 	6 * X(E')ﬃCD
f
"')(P-=-PM#
* ﬃaﬂ"'J72w(J {R" ﬂ	a*='R+% = !&'n&2 Tx =#$M5* M'P+1	231	ﬂ	#$"s D Mq* ﬃﬀ &e!&ﬃ * M#
f
	#)2,&ﬂ	 / 	#YW
sPM#$')s % !ﬃ5| 'M9g;- -:9
V
9i~9 ; ﬃ+e($#J"D !&%  ﬂ	')!ﬃMﬃ')($%  ﬂq* M#6/ 	#$s#)'$s % !&+2w% (l4Mﬂ	 &D #$M#ﬀﬂ	# 7W
(	#))_i(
f
#)e%= ﬂ,]"1	2 /\1"s
f
D "D #a')ﬃ"!&'a-PM * #\ﬁM * XWH)_2,s
f
7 ﬂ	'$')s % !&"9
;d"'1ﬃ	S
V
+W >cM#JR7(E]	#
f
- ﬂ"(ﬀi% # -=-PM#aﬃ= ﬃMWB/c" "![WH/\1	s
f
')s % !&"Si* ﬃ;"!ﬃ'#$& 1)_23s
f
" ﬂ	')'$s %eW
!ﬃcﬂ	Me%ﬁ(JM(\4ﬀﬃ#)*:9; ﬃ
 
WH/b76"![WH/\1	s
f
'$s % !&c"2
S
+W >cM#JR7(G%  ** ﬃ ﬃMWH/b76"![WH/\1	s
f
'$s % !&?"2
ﬃ	S
V
+WH+ 1	231	ﬂ	#J7s D 
f
- D #)A')1	23&(0%5ﬃ=#nD 	D M#$<ﬁg95VW 8M!O"'Y(J% =ﬂz"!&'nMﬃ G* M#g; 7(J17W
2,&?" ﬂ"s6)(7(J+ﬁ=* XWH)023s
f
"=ﬂ	'$')s % !ﬃ79
; # Cﬁs#$&2,MI(J!&!ﬃ  ﬁS
S
V
+W +1	231	ﬂ	#$"s D 4ﬀ% #)* /"%='$CD !&ﬃ ("!ﬃﬃCD %=#kKM'$'$%= ﬂr]	1" ﬁs6"eW
i%  ﬂ	')s % !ﬃ'):Se* &\* %=CDB>c#$"* &I(JM '$CD67!&(J%= ﬂ	3]	M#$% #)'J"CDI(V4E#)* :Se-i%=(JX(^9eg;,* ﬃM'$2
>cM#JR7(4ﬀ% #$*=GMﬃ *  3P% '$&1	 ')ﬂ	M4ﬀ&CDi($M($ﬀE) WB)0. T_ﬁMhi%  a]"#)4E=* M(Se%=2 2, Cﬁﬃ2,"!ﬃE>?#JNW
* ﬃMI(Jk')CD6"![(JQ%kH"  u9:g;!&!ﬃ+ﬁhi% M s "#J"23M($#d4ﬀ% #)* ')1Aﬂ	M4R"D ![(^S*6)(A*=ﬃw2,NW
Cﬁﬃ2,"!ﬃ+>?#J"* &I(JM6" 'Y(J&ﬂ	')#J7($b]"1	  4IJI4I"2 +=| 2 · '~V&Q& 2 )0. T0)_CD 1I"- 'Y("=*m|<)P)n ~
]	1	
#I
µ
'V]	1	#)!ﬃ&ﬂ"(9
ﬁﬂ  $#"%ﬃ        )_'04ﬀ%=#$* M7WpsP1"!ﬃﬃﬂ"A)_!ﬃMHI(J#$1e* Ml%  *(K0#$-=ﬃ * %= ﬂ	'$HN"-!
f
- #T* &
+aﬃ
f
 D &#$ 'Y(J&2z% !ON(Jﬃ1" | K1ﬁ*=!ﬃ!
SJS
 
"ﬁS KZ*=($#$1	 &C"S*Odﬁgd~2,[(s67'$'$M * M2 +M')($')(J&2z% !ﬃ7(J1	#
|oK1e* M!ﬃ!
S
  
V
SK*=($#$1	=ﬃC~
f
- #G* ﬃ%) C=s#)ﬃ23I(Jb]	M#)4E * X(,| 'M9Pg\- -:9
V
9  	~X9; & )_!ﬃMHi($#$17W
"4I F#E	

 
ﬀ *# 



M

ﬁMhi%   .tﬃ : ﬁg95 &	: NHeﬂ
> 5O) WH)n. T ﬁS "   ﬁS
S
 ﬃ  S  I=S I
V
4I=S I   ?I=S ﬃ I
E) WH)n. T  
 
S ﬃ  ﬃ	S "  ﬃJﬃ	S I I=S  4I 4I=S IEﬃ ?I=S I
 
KQ.P5ﬀgG>L) ﬃ!"ﬁS   ﬃ	S   ﬃ!I=S   I=SFﬃ   4I=S IEﬃ ?I=S IJ"
+  >+GE) ﬃ4ﬃ =S
V
 ﬃ
S
S " J"  I=S
 
  4I=SFﬃ!I ?I=S
V

+1ﬃwE) ﬃ  4 ﬁS   ﬃ
S
S " J"
V
S " I=S    4I=SFﬃ!I ?I=S
V

+ 7-PM!ﬃ!ﬃ
V
9
S
A ./26J;)>
*1 : J/" :0. )>
*1 :P)>
I X   	 0.   !" 
J 
9
 &(')

  >


 

 V 	 .  " 
9"T	 /2
*1 : :)2J/5D2  	;.'&"
9  	! /2
*1 : :)>JG5   V 	 .
 " 
9"	!/
*1 ::;)>JGﬀ
L
/C+		 "0.% Cﬃ)>  "
  2  
  ; " 1*0C /476I. 8


 
G0 1 ,
 (476
9. ﬀ

	   
  ﬀ 
ﬁ
ﬃﬂ 
!#"%$&('*),+.-/*01324-517698#:;+<ﬃ1 !5=>$@?91BAC8DAC8#/EGF-IH8J+.:
g;- -=ﬃ!ﬃ*=%  ﬂ
V
9 +A
L
2:  .  	 )>JLM. /8N
::BK:.%	 ,*:.%"69. M)>:MLON  *QP  8NJ  1M
$JGI. A8M *
/8  	 ::   )>
9 SR,N! 	 I:. :.  	 )>JL*. 8T& " 	 .   JGI. A8M   ,*	 M:VU 0,2 
9 &)>
*1 :
2,"J"N,*)2
9 
X :0. ﬀ
 ﬀ
<
ﬀX 	   
 
L
   
L
 " ﬃ
* =H"1	I(7Hi($')14ﬀ&E'$R"2w($!ﬃﬃCD=DK0#$-=ﬃ * %= ﬂ	'$HN"-!iX4ﬀﬃ'$CD=>)_!ﬃMHI(J#$1e* n%  *ze(J&2z% !ON(J1	#P-PW
')($D M "% 'G._!ON(JﬃeW Tx#$&* ﬃ%=29 ; & {M&($#$*=#JR"DI(Jc')ﬃ *Bﬃ')1	!ﬃ&#Y(a2,[(ﬀ.1"! &i(JX(J#J 6% 1	#)M(JD "%= *
% 2325"I($!&(023&(
 
I"gGWx.1	!F&iWp% #$X(JD67:9 ; # )_!ﬃHI($#$1e*  H	#$s#)* % #)CD 2,M'$')#a-M(J#$R"ﬂ"(Oﬃ	S
S
2,2 P
* ﬃz]e&#c2,X("!&!ﬃ&'$CD MU/G1	I("HI($3')ﬃ * "%
f
& #L; &')(7 l]	1	j& 2 *uMi($ﬃ23M($#cR"hi% &* [W
')(J"I(l]	#Y(JMﬃ!&(9 g\!ﬃ!ﬃ K0#$-=ﬃ * %= ﬂ	'$HN"-!D6"- &  !&HI(J#)ﬃ')CD ,:@ﬃ*=#$'Y("=* ]"1	F4W
 ﬃﬂ"#+"!ﬃ'
S
S 
Ω/m
9D; &=/G1	I("HI(J ﬃA%  *  *=# )_!&HI(J#)1ﬁ* 5'$ﬃ=*F"%
f
KQ7'$'$<ﬂ"!ﬃMﬂ"(^9 ; &
e(J&2z% !ﬃ7(J&1	 '$')s6" i% =ﬂ
f
R"!ﬃ![(VM4ﬀ&'$CD MQ* M /G1	I("HI($  z% =*
S
"-:9
 
	


	ﬀﬂﬁ



ﬃ : R7D # M * *!#bK"M'$'$%=#$j4ﬀ% #$*!3*!%&>)_!&MH	W
(J#)1ﬁ*(')"D<*M2 K"%[($(M!ﬃs %!' HI(*%+''lHi%#$M!
f
	#)2,%+#$' /c%!' ')($')(J1?3us D)-'I(J1	23'ls !.)ﬀ/%&10)(9 ;210
; %0)CD 2,M'$'30c*0c._D)ﬀ'i($1	24z-5X(0)%#Nﬃ
 
C2
f
-0d*!%&zH76&%+'%ﬃ')CD'98!' *
 
C2
f
-0?*1'9 Cﬁs510 % W
2,1'I(6+6&1'+ 1	231$#$0 )"s D1':98;2%+c.0D)-'I(J1	24?4:)-03'"'I(x4;M*0\2,%[(<%ﬃ')1"(J1-'%ﬃ')CD07/\1eCD ' )-6&/16 7W
' 8'!# | I=S   $2)J@;6~1e*0ﬀg2#$)-0$1	'3#$160|    g2#=)ﬀ0$1	'3%+'>%ﬃ')1"(J1$'!%ﬃ'$CD!07$2)#@;6 W  ' #=9 ~?#-
f
-6+6&(^9
;@)"'KA0)-%&'=*8'#	')H)"-516"4B80)*;)ﬀ'b*!0 g28!C$'D3%FEAGD
H_D)-'=E I$J,DKD3IMLN
f
1D3E %&#-ES1OB%&P%+'cg2LLRQ
S
Q  
f
-0SG!%&;%+J,s!6.)-'=E%+0TEP)P6&1U7E 0 IG;#-/1%&#-EQ4;2)-D /V)-LN6L%&6+G1E ;%+'<WXZY6.)-8\[]_^<;M80 XZYJ4Da`
D 10
V
XJ(bc8!'GdOB803Ge)-'D3XZY6&%+C$1'Ggf)-0 )-6&6+6/8!0@/h`i<XZYD *G1D9+
I$J,I-#$0)-f!Y'g')-XZYj)-8C$1'
#$1[ -!Y03Ek^lD1Qi2LLmQ
V
Q
S
bhQ
;2%& n-'#$oGD6/V)-L516&D3D3E -!XZUD2%&''10 Y)ﬀ6&LpGD9+
I$J4I$#$0 )-fY1'"LN1E 0 8#qX)!Q JI-X1J"rsG%+n-'#-
t
I$J +
I$J4I$#$0 )-fY1'dL%+Dc/180@)ﬀL#$D3XZY%&03JkE1'M;28!0 XZY![ -Y!0 8'#(%&'pG0	UQ
`H/V)-L%&'!
S
r
V
Ju8!'G
t
I$'pG10O;M80 XZY![ -!Y0 8'!#(L%+D</8JvWE %&Jw8!6.)ﬀE I$0;X)!Q "ﬀJpQ
;2%&<W\f)-''78'!#$D J4D3D 8'#-',OB8!0 G1',D3IxO?I$Y6!L51%%+'\`)-6+DP)-8XZYeLN%)ﬀ8D #$1D XZY)ﬀ6+EhE1JyWE%+Jw8\`
6.)ﬀE I$0<G803XZY#$h[ -Y03EQ=Q -!0cG!%&kWE%+Jw86.)E%&I-'(OB80 G!k%+'%5c1XZY7E XZU7D f)-''78'#pJ,%FE<EH&f%&D3XZY'
:z103E '{[ -0VQs03|781'/,^ ﬃ
S
I>UM/}b~ri2J4f6&%FE8G!e^
S
K_b;8'G"HP86&D3L0 1%+E4^   ﬃ!I
µ
DZb;#$hO:n-Y!6+EQ
;2%&(W\f)ﬀ''78'#$D3J,1D D 8!'#$'OB803G'J4%+EV1%&'1J  4IJI=XUc/h`H;2%&#$%FEZ)-6+I$D /1%&6+6&I$D3U-I$f^ +ﬃU@W."
S
I-ikr
+1U=E0 I-'%FC5r?:b*G!80 XZY#-1[ -Y0TEQ ;2%&"W\f)-''78'#zOB8!0 Gd)-'G!' KA10 L%+'G8'!#$D U)-LN6+'G10
J,%FE E 6&03'pL51%&G1'jHI$6+>^ $M8J4J,10  ,8!'G
S
bc/hOB%&D3XZY' )P6&1U7E 0 IGw8'!GWE%+Jw86.)EI$0c)-8C-0T`
Y)-6+LpG!0 UQ
`H/V)-L%&'!_)-L#$1#$0 %F3m1'^lDQiMLLRQ
V
Q
S
b~Q
;2%&W\f)-''78'!#$D J4D3D 8'#-'OB8!0 G1'8!'7E 0
t
0 D3XZY%&1G'!'Ł?G%+'#$8'#-'G803XZY#$1[ -!Y03EA
)PDMOB803G'gG!%&o 5:`H+
I$J,I-#$0)-f!Y'RrG!%&oHAY)-'=EI$Je[ -6&6+8'#$1'RrG%+k?%&6&G!#$L8!'#$D D3|781'/1'Rr
G%&,@0 %+'=E%+038'#pG0%)P6&U=E 0 IG,%+J TﬂD I-/'=E 0 8J ^lf)-0)-6+6&16/801C7`Zr&=`Zr/h`i<XZYD b8'!GzG%+
HI$D3%+E %&I$'G1D KA03L%&'!G8'#$D3U)-L516&D4%&J +
I$J4I$#$0 )-fY^liMLD3E)-'G/hOB%&D XZY!' /V)-LN6B8'G UQ
`
W\'!GD3f86&k^lD1Q=i2LLmQ
V
Q =b b
t
)-0 %+%&103EQ4)PDOB803Gc)-8XZY,G0R)D3m1U=E?/18DnE/6+%&XZY10R/)ﬀL516&D XZY!6.)-8\`
[]'e%&J +
I$J,I-#$0)-f!Y'*#$hE1D3EhEQ#;M%&0$M180 I-D3E%+Jw86&)ﬀE%+I$'oO;)-0PG)-LN%\E%+6+O?%+D <)-U=E %
t
rﬀE %&6FO;1%F`
"   F#E	
 ﬀ *# 



M

X
X
X
X
X
X
XXX
X

	 
 ﬀﬂﬁ
ﬃ 
 ﬀ	!#"$%&


'


ﬀ(*)

+-,
!./
0-132
&4!

57698:
;ﬁ< =?>
4@
ﬁ	!

8
ﬂA"ﬂBﬁ
,
i2LL!%&6&G!8'#
V
Q
S
A U  :0)+476:"*)
7,?M) C>ﬃ> 2

I)>
M1 :")>
9 I 	 M.)> 	 "::0)2
*1&ﬀ
L
2: U 
,2 
I I)>
*1 : 2,"J NN, 
9 N.	 
 I:. :.  	 )>JL*. 8 M):DM 6&2J,  :  
I.% :0)+476I)>
M1 :"*)
	 : 	 .
   J/"9./ 8+ ﬂ 	-# 6&2
I.%8 	 ﬀ
L
2:5#$6 2
I.%8 	 ,* E
9 *.E: /476D 	  : 8
I. )
	  :ﬃX1 
9N.%
 ﬀ
L
/  
9 I)2/"0.  > 2

I)>
M1C    ! 	 U 0,2 
9 &)>
*1 : >*,"JI*):DM"6&2J,  "    , 
9E1* 	 :
: "
 ﬀI 	  "*. )> 	 : :)2
I.% : 
9 "
9./JL2
M1  C J/I./ 8+  )>
I   	 U 0,2 
9 &)>
*1 : >*,"J
1 J/"/476 	DKFD? 1 N0.  J.
G MF(8 1  G>P2 Hﬀ
D ?%&')-U=E %
t
Q ;2%& Qs8!'U=E%&I-'kG1DAWE%+Jw86&)ﬀEI$03DU-I$''=E :J,%FESG!'e@D /1%&6+6&I$D3U-I$fo6.)-8![]1'G2-!L510 f0'-![ E
O;10 G1'RQ
OMJ/V)-LN6+L0 -XZY!(/8zD %&Jk86&%+0 1'9OB80 G(G%& *m86&1%+E 8'#>[ -0 /cI$'=EZ)-U=E  p%&'G10 $2nﬀY(G1D
HPY)-'=EI$J4D@G8!0 XZY=E03''=ErG%+w[]0 1%&'N)P'G!'%&'9%+'Jvi2L!D3EZ)ﬀ'G
t
I$'
S
J4J /18%+')-'G10_%&J
TﬂD I$/1'=E038JGD +I-J,I$#-0)-fY!' 	EC\%&0TE
8'GoO;n-Y03'Gw)-U=E%
t
0S 5:`a;%+6&G#$1L8'#BLNI$L)-XZY=E1EQ
 ﬀ +ﬀ M$ 

    "
S
Kabel
C   D  EA   B
z-Achse
HF Kö r-
perspulen x-Achse
i2LL!%&6&G!8'#
V
Q2A@UI2 *. G8
  " ,*J  8N:.//8
D 
W  M0 	,*
IﬀI#$8: . G8

C
J G"1&.$*) B "
K		 ./GA 8+ " 0 P476*:   : I8 	 801 969
 T #$8: .//8
9"

A und E
J /1*
 "
9./JL2
M1  *
 >)>JG%T
B und D
J /1*
  M22C  :A4769
 ﬀH 

 
 	 I2J JM :. M2:  ,"J  2"2J JGJM?)>$0 P476: 
G MP8N 1  G>P2 Hﬀ
 
	
ﬀﬁ ﬂﬃ! #"%$'&(*)+&(-,+.!/- #01)+2-(%3
;2%&pD D38'#$1'kO;n-Y0 1'Go)-U=E%
t
0 5:`a;%+6&G#-L8'!#:/1%&#-E 'U-%+'?W\f)-'!'8!'#$D DTE $C--r}G%+A)-8![
V0 )-G%+'=E1'D XZY)ﬀ6+E8!'#$'9/180 -!XZU#-1[ -Y0TEVO;10 G1'U$''=E1'8!'G9G)-D Uc%&'=E10 #$038'G0 )-8D3XZY'
D %+#$'% 	Uﬀ)ﬀ'7E-LN03D3E %&#-'O0-!0 G1'RQ ;2%+D4#=)-6FE,%+'#-6&%+XZY0>:%+D "[ -!0,)ﬀ6&6&{G03%B8'=E10 D38XZY\`
E1' +
I$J,I-#$0)-f!Y' ^lDQi2L!LRQ
V
Q
V
)`ﬂXbhr)-6&6+p@0 %&1'=E%&10 8'!#$'G0 )P6&U=E 0 IG-r)-6+6&pHI$D3%+E %&Iﬀ`
'%&10 8'!#$'pG0O*m86+%FE8'#!r!DnﬀJkE6+%&XZY
t
03O?'!G1E *W\1|8!'/1'98'GpLN%&G!VHAY)-'=EI$Je[ -6&6+8'\`
#$'mQ-i28!XZY4O?''eG)ﬀD KA03L%&'G!8'#$D3Uﬀ)ﬀL516/8D nﬀE/16&%+XZYcW\XZY6&)-8![]'*%+J +I$J4I$#$0 )-fY1'*L%&6+G1E -r
U-I$'!'7E '>Uﬀ%&'!VW\f)-'!'8!'#$D DTE $C-@G803XZY>G)-DBW\XZY)-6+E '
t
I$'{_0)-G%+'=E1'q0 1#$%&DTE03%&0TEAO;10 G1'RQ
"  F#E	
 ﬀ *# 



M

!#"%$ ? '	 ?
ﬃ2 27&
µ
A ⇒   ) !#=>$? ' ?
ﬃ242ﬀﬁﬃﬂﬂ µ A ⇒     )
! C$!"#$ﬃ? ' ?
 242

&$%
µ
A ⇒  
 )&
i2LL!%&6&G!8'#
V
Q
V
A
L
)> 476 Mﬂ G
I.%"
: 476 2J. )>
*1 CK6 "
9  $ $#E  5 J/ 1*,*)>
*1  
9 I)2/"0. 
> 2
*
9)2
*1&ﬀ
L
G M22JG
9" 
I.%" J;)>
*1 M)
F  *(' DS;.*) )2
9 K  P476: +' > 2

I)>
M1,) : 
9  8.
	 /"0.ﬀ S
I.%"
 
 "EW::)>
*1P :0.& $#E=5476982,:0.
9 -'   .)5)>
I  G  M2"*)>: ;8J 1*
9 *
. 69(8 N.  : 4769   
I :.2
026J 8N
 > 

I)>
*1 :;)>J :A
/' >ﬀ )P 	 ,1M,2 J/ N.%
 DS;.  
9.  (J J
2
*1*1*,*
 G MF(8 1  G>P2#H ﬀ
ﬀ10 2436587 (-ﬃ &3 2-(%3#,.9 2%0', &
TﬂJ V1#$'!D)ﬀE /d/8G' _0)ﬀG%&1'7E 'D3XZY)-6FE8'#-'
t
0380 D )-XZY=E' G%+XU Q
`ﬂiM'0 1#$8'#-D f86+D ﬀr
[ -0Dn-JkE 6&%+XZY>K)-0 %&)ﬀE%+I$''jG10LKA10 D38XZYD LNG!%&'#$8!'#$'mr%+''G8!E 6&%+XZYzJ4C$L)ﬀ0 ' W\f)-'`
 ﬀ +ﬀ M$ 

    "
V
!#"%$  1.F:B+ A
8D/*E F -IH8J+ : />H 698D/ !5= $  1.F:B+ A
8D/*E F -IH8J+ : H 698#/
i2LL!%&6&G!8'#
V
Q  A6MP 	 : : 
I > 2

I)>
M1 :, /2J J 2C  : 476I
  *
  .  	 )>JLM. /8N
: "J/I./ 8+ 
 ,*
MVV$ $#E%; 5 J/ 1M,*)>
M1  	

T    MP"K*.%@ U 0,2 
I I)>
*1 : 2,"J9
I./JL2
*1IK		 .//A476:A@I,*
LONﬂ 
&2I. H)>
9 R,N 2I. 

)2 8:.  	 )>JL*.//8
 ﬀ  N../:K*. .  1 )>
*1 :)>
I HG ◦  # )2J :E:  
9  *). 
J G476 : /476I.",>20ﬀ&  "E9./ N  .  	 )>J *. G8
  :.5 / 5,* JL1M0)2
*18
  .  	 )>JLM. /8N
:"ﬁ)>
9  

 I)>I. G8
: : 2
*
9)2
*1 >) "+"

9"
 G MP8N 1  G>P2#Hﬀ
'78'#$D )-L![l)-6+6ﬀ-LN0BG%&_LN%+G')P6&1U7E 0 IG'mQ
	

4sﬃsx i2LL!%&6&G!8'#
V
Q :/1%&#-E C!1J,f!6.)-03%&D XZYWf)-''78'#-D D3E $C$ﬀr}G%&PG8!0 XZY
G%& U Q
`aHP86+D w[ -0 Q1E3ED nﬀE E %&#$8'!#>8'GU JI ◦ `i2'03#$8'!#pLN%PG!0oL57)S`B)AH T_W\1|78'/ t 10 80a`
D)-XZY=E{OB803G'RQQ -0 +1%&6+L%&6+G
V
Q $) O:)ﬀ0>G0	$c803I$D3E %&Jw86&)ﬀEI-0(%&')-U=E%
t
r?i2LL%+6&G8!'#
V
Q -L
/1%&#-EG%+4D36+L54i28![]')-YJ44J4%+E)ﬀU7E %
t
0L$M180 I$DTE%+Jw86.)E%&I-'RQﬀ;@)ﬀD%KA03L%&'!G8'#$D3U)-L516A/1OB%F`
D XZY1')A6+U=E03I\G!28'G>WE%+Jw86.)EI$0A6.)ﬀ#w)-8![RG0<H)ﬀE%+'=E1'6&%+#$c]ﬃj
7 R-

	eG1D
+I-J,I$#-0)-fY!'^lHI$D3%+E%+I$'N@ %&'di2LLRQ
V
Q7bhQT;2%&k%&'G8!/%&103E *W\f)ﬀ''78'#{030 %+XZY=E*%+'kiMJe`
f6&%FE8G!
t
I-'" KwQE;2%&O+0 n-#$0T[]0 1|8!'/_Y)E E2%&'!'=:03E
t
I$' 
=XUM/ﬀr!'=E D f03XZY1'Gd1%&'10
d)-#$'!1E []16&GDTEZn-03U-
t
I$' ﬃ-r
V
+_QNi2L!L%&6+G8'#
V
Q -Ld/1%&#ﬀErOB%&D %+XZYjWE%+Jw86&)ﬀE%+I$'DT`P8'GXTﬂ'!G8U$`
E%+I$'D D3f)-''78'!#M-LN0 6&)-#$103E1'RQ ;2%&1Do[ -Y0TEq/18 %+'0o03Y $Y=E1' W\f)-''78'!#$D)-J4f6+%+E8!G4[ -!0
G%&pW7E%&Jk86.)ﬀE %&I$'!D D f)-''78'#Q ;2%& ﬃ
 
I ◦ `ﬂHA8!6&D >G!0,WE)S`8'G +cWE)S`TW\1|78'/1'%+'G8/1%&103E1'
0TO:)-0TE8'!#$D #$1J(nﬀCg%+'(Y -Y03(i2J4f6+%+E8!G"^lX)\Q ﬃ!I KVbhQ	Qs)-6&6+D_%&J D36&LN'iM8![]L)-8z/8D nﬀE/~`
6&%+XZYDL/V)-LN6P%&'W\XZY!6.)-8![]1'z8J G)-DHAY)-'=EI$J #$hOB%&XZUﬀ6+EOB803G-rU-I-''=E(J4%+E1 JI ◦ `ﬂHA8!6&D 1'
%+'>W\f)-''78'#
t
I$' L%+Dk/8 ﬃ
S
K %+'G8/1%&103EO;10 G1'RQ Q -!0kG%+(LN%&G!'HPY)-'=E I$J4[ -!6&6&8!'#$'
^<$M)#@;6F` D3#Q8'!G"iM#=)-0 I-D #-6 bAO:)-0BUﬀ%&' OM'=E 0 D3XZY%&1G"[]1D3EDTE16&6&L)-0Q
:z1D 1'7E 6&%+XZYkY $Y!0 R:z103E ?[ -0
G%&?W\f)-''78'#$D )-J4f6&%FE8G1'k10 #=)-LN'oD %+XZYRr}O;1''*G)-D KA03L%&'\`
"
 F#E	
 ﬀ *# 



M

i2LL!%&6&G!8'#
V
Q "+A6MP 	 : : 
I > 2

I)>
M1 :, /2J J2C  :A4769
  
  .  	 )>J *. G8
: "J/"9./ 8+ 
 ,"
 $; 5 J/ 1M,*)>
M1  	

T   NMF"K*. @ U "N,2 
9 I)>
*1?:2,*J "
9./JL2
M1   E >)2J/ﬀ D) : "69

 :.  G  G ◦   = G ◦  #ﬃ)>J : ;8J 1*Nﬀ L / > 

I)>
*1 :" 	!9J . )+   :  = G ◦  #ﬃ)>J :A: C,":0.  1&.  *

L
2 :0.%"J J;)>
*1 :0," G476  :  H: J JG8:8  : G MF(8 1  G>P2#H ﬀ
G8'#-D U)-LN6/1OB%+D XZY1' $M180 I$DTE%+Jw86.)EI$0:8!'G9WE %&Jw8!6.)ﬀE %&I$'D36+U=E03I\GM]
ﬃ 
7 :
R

 


 G1D6+
I$J,I-#$0)-f!Y'Rr%+'{8'J4%+E E 6+L)-0 10 $2)-XZY7L)ﬀ0 D XZY)ﬀ[ E@/18dG1' UQ`TW\f8!6&'mr
t
0a`
6&1#-E;OB803G4^ H
I$D %FE%+I$'=) %&'qiMLLRQ
V
Q 7b~Q2Q -!0:G%&1D 1'QN)ﬀ6&6s/1%&#-E<iMLL%+6&G8'!#
V
Q "oG%&9 JI ◦ `8'G
ﬃ
 
I ◦ `aHP86+D _G102W )W\1|8!'/ﬀQT;M%&_G803XZYdG1'Nﬃ   I ◦ `ﬂHP86&D<%+'G8/1%&0TEVWf)-''78'#-D)-J4f6&%FE8G!
%&DTE<G8\E6&%+XZY>#$0 -C$0<)ﬀ6&D  ﬀU K8'G	-LN03D3E1%&#-E:G)-J4%+E:G!';@)-03D3E16&6+8'#$D3L510 %+XZY{GDM@D /1%&6&6+Iﬀ`
D UﬀI$fDQ ;2%+0)P0 #$1L'%&D3D cG0?W\f)-''78'#$D3J,1D D38'#$1'qD %+'Ge%&'(+S)ﬀL516&6&
V
Q V/18D)-J4J4'#$1D3E 6&6FEQ
"D3D 8'!#$'%&'zG%&1D 0LKA03D 8XZYD )-'I$03G'78'#J,%FEJ() C\%+J()-6+0V/1%+E 6&%&XZY!0i28 -D 8'# ^  4I-'D
W\U)-6&1'%+'=E%+6&8'!#7bB8!'G9i2L!E)-D3E 0)ﬀE {^ ﬃ} Uc/}bM/1%&#ﬀE'91%&'/16+'eW\f)ﬀ''78'#$D3D f%FE/1'RrRG%+wD I`
#=)-0G!'>pC$LN03%&XZY4G1D;@D3/%&6+6&I$D3U-I$f!D
t
I$' "ﬀU K -LN03D3E %&#-'RQ7;1%G'("1D D 8!'#$',J()ﬀXZY7E 
D?U-%+'' OM'=E10 D XZY!%&Gmr!I$L,G0:WE%+Jw86.)EI$0P1%&'\`IG0?)-8D3#$D3XZY)-6+E 1E:O;)-01QiM8XZY>G%+2HPY)-'`
EI$Je[ -6+6&8'#oY)ﬀE3EVU-1%&'1' )P%&'  8C,)-8![G%&_#$1J,1D D3'kW\f)-'!'8!'#Q

  , sﬃNx ;2%+QI$0 JyG10<%&'G8!/%&103E '{W\f)-''78'#$D3D3E $C$)-J
S
+;`T_0 nﬀE:1'7ET`
D f03%&XZY=E< C)ﬀU7EBG!'1'pG!%&_)-J ﬃ$r
V
+;`H+
I$J4I$#$0 )-fY1'q#$J4D3D 1'{OB8!0 G1'RQ8$M8!0;[ -0:G%+2iMJ,f6+%F`
E8G!'zOB803G' )-'!G03 :z103E (030 1%&XZY=EQi28C$10 G1J Y)EwG%+ +
0n-#-03[]03|781'/>%+''G:0TE
t
I$'ﬃ  
 
 UM/-r71'7E D f03XZY1'G{G0)-J4I$03[]03|78'!/-r7G%&cD %+XZYq)-8!D?G10 Q16&GDTEZn-03U-cGD:V10nﬀE D
03#$%&L!EQE;M%& OM'=E 0 D3XZY%+G8'#4')-XZYpHPY)-'=E I$J4[ -!6&6&8!'#$',OB80 G)-J
S
+;`T_0 nﬀE:'!%&XZY=EBG803XZY\`
#$1[ -!Y03ErG) )-J ﬃ$r
V
+;`H+
I$J4I$#$0 )-fY1'U-1%&'XOM'=E10 D3XZY%&1Gg[]DTE#$1D3E16&6FE,O?03G' UﬀI$''=E1'RQ
;@)-DcHPY)-'=EI-J O:)ﬀ0c%+J,J40?J,%FE<%&D3I-EI-'%&D3XZY07/MIXZYD )-6&/16 $D38'#e#$1[ -!6&6+EQ
;%:HI$D3%+E%+I$'%+0 8!'#9GD>KA10 L%+'G8'#-D U)-LN6&D* lﬃ 7  z }l7	
G!D(+I`
 ﬀ +ﬀ M$ 

    "4"
;28!0 XZYM 4I ◦  ﬃ   I ◦ `ﬂHA8!6&D ﬃ$r V +
S
r I4+ J,%FE
S
r I4+ J4%+E
%+'G8/1%&0TEW\f)-''78'#  K @:HS`TW\f!86&
 
`B/V)-')ﬀ6&D f!86&
/V)-LN6R1'=E6.)ﬀ'#e/h`ﬂi<XZY!D  !r   ﬃ I!r ﬃ ﬃ$r
 
 r  !r 
S
I\r
 
/V)-LN6R1'=E6 QNW'G1D f8!6& ﬃJﬃ
V
I 

 4IJIJI ﬃ
S
r   ﬃ "\r   

 
  
4IJI
+S)ﬀL516&6&
V
Q  A
L
)>A476  ;#ﬃ)>J : S 
I I)>G.% 	D  M 	D2J/> 2
*
9)2
*1 : 	! J . )+ 
 
  *	 .  	 )?
JL*.//8
*: JGI. A8M *C> HG ◦  )>
9  = G ◦  P
A"1&)>
M1 :)2J : (T5 G N:A476/( 
I
 I8 	 8N1 " 69"

,2>Cﬃﬀ62)>J/"
 )2
9  / )>
I.%":A476/( J G4769
  )
7,?M).%"
 ﬀ
J,I-#$0)-f!Y'p030 %+XZY=E@G106 JI ◦ `aHP86+DMG10_ 5O)S`H)H TBW|78'!/w%+'':z103E t I$' ﬃ-r   K[ -0BG%+
W\'!Gh`H)AJ4f![l)-'!#$D D3f86&V8'!GM !r4K [ -0BG%+
 
`B/V)-')ﬀ6F`TWf86&ﬀQ Q -0BG' ﬃ
 
I ◦ `aHP86&DBG10MWE) W\~`
|78'/BOB%&03GeJ,%FEAW\1'Gh`H)PJ,f![l)ﬀ'#$D D3f86+M1%&'>:z103E
t
I$'!r 4Kkr$J4%+E
 
`H/V)-')-6+D f86+
t
I-'
S
I\r
 
K
#$J4D3D 1'RQ
;2%&P:03E ;LN%HI-D %+E %&I$'!%&038'#cGD KA03L%&'G!8'#$D3Uﬀ)ﬀL516&DS lﬃq7 ?  S lArO;)-03'
)-8XZY()-J
S
+;`T_0 nﬀEAO;1D 1'7E 6&%+XZYqY $Y10;)ﬀ6&DAL51%NHI$D3%+E%+I$'%+0 8!'#V'=E6&)-'#G0;W &J,J41E 0 %+)-XZY\`
D ﬀQNW\I*OB80 G1'"[ -0<G!' JI ◦ `ﬂHA8!6&D<G10cL57)S`B)AH T<W\1|8!'/V[ -0<G%+W\'G!h`B)PJ4f![l)-'#-DT`L/hOVQ
 
`B/V)-')-6F`aW\f86+0:0TE
t
I$' ﬃ
S
r   K L/1OVQ  
 
K #$J4D3D 'mQ8;2%&%ﬃ
 
I ◦ `aHP86&D32G10BWE)W\|781'/
030 %+XZY=E'pWf)-''78'#-D)-J4f6&%FE8G!'
t
I$'Mﬃ "\r   K 0 D3f51U=E%
t
  \r -U KkQ.;2%+2H
I$D %FE%+I$'%&10 8'!#k'=ET`
6.)-'!#_G0W\1'G)-'=E'!'',03[]I-6&#-E ;[ -0PG%+BW\'!Gh`H)AJ4f![l)-'!#$D D3f86&c)-8\[5%+Y0 10$OM'=E10 D3%+E -r$O?I
G0 /MI$f![)-8\[G!0cW\f8!6&@/18J 6+%&#-'qUﬀI$J,JoEr7[ -0:G%+
 
`B/V)-')-6F`aW\f86+c1'=E6.)ﬀ'#*G0A+8'!'6 `
O:)ﬀ'GRQ ;2%&0)P03#$L'!%&D D3MG!0;W\f)-''78'!#$D J4D3D 8'#-'qD3%&'G4%&'(+)-L516&6+
V
Q V/18D)-J4J4'#$1D3E 6&6FEQ
ﬀ   0'& ) ﬃ
		 )	 ﬃ"-& ﬃ  )+$&( ) &(-0'$&3#&
;2%&*W\f)-''78'!#$D f8!6&D ﬀrRG%+
t
I-JP6&1U7E 0 I$J4I-E I$0MG!0VHS)E%&1'=E'!6&%&1#$k%+'gG1'WE03I$J,U703%&DM%&'\`
G8/1%&0TEqOB803G'Rr<D3%&'G [0(L51%&G_0 nﬀEg')-Y/18#-6&%+XZYRQi2LLRQ
V
Q
 
/1%&#ﬀE>%+'E\f!%&D XZY!D
W\f)-'!'8!'#$D Jk8D3E 0rG)-D
O:nﬀY0 1'GwG1DEUc%&'1%&'![l)-Y!0 '!D
G!0 K%+#$A%&'G1'
S
r I;`
I$J4I$#$0 )-fY1'
)-8![]#$1'I$J4J,1'qOB80 G!-Q;2%&Wf)-''78'#-D)-J4f6&%FE8G!_0 03%+XZY7E z103E
t
I$'!L510c1%&'1JﬁﬀAI$6FEQ
ﬂ2%& ﬃ03|78'!/oG10cHA8!6&D VLN1E 0 8#! #"ﬀU+UM/ﬀQ
  F#
	 ﬀ*#
	
i2LL!%&6&G!8'#\Q  2 2

I)>
*1?:, /J J C ,*X /	 J/"9./ 8+  ,* 2I./ 	 	 J/"9./ 8 	 8+. 8  "
#*.//"
9. 
J /1*6'ﬀ G"1*/K26*0. 
  "
I8 	 8N1 " 69"
 )P 	 9Tﬂﬁﬃ F"K*. ﬀ
ﬀ! 3-2-(  )+$ 	#( "%&," &, )+, )+$  2%0' )	#ﬃ ,
ﬂ2%& ﬃs8!'U=E%&I-'gGD
DTEDTE%&Jk86.)ﬀE I$0 DMOB80 GwO;n-Y03'GG10V$#:`a;%+6&G#$1L8'#(6.)-8![]1'G LN0a`
O:)ﬀXZY7EQ
 %&_%+'>i2LLRQ%\Q ﬀLp/18{0 Uﬀ''!'d%+D3Er!OB80 G!'ﬃs03|781'/V8'G";0 1%+E2G0cWE %&Jw8!6.)ﬀE %F`
I$'D3f86&D3
t
I$'dG!02$#<` I-J,I$#-0)-fY!%&_'%+XZY7EMLN%+' 8CﬀEQ ﬂ2%+oiMJ,f6+%+E 8G_G10&c803I$D3E %&Jw8\`
6.)ﬀE %&I$'eUﬀI$''=Eﬀr\[l)-6+6&DPG%+@WE %&Jw8!6.)ﬀE %&I$'D3f86+D <G10;%&'!G8/%+0TE'qW\f)-'!'8!'# LN036.)-#$103EO:)ﬀ0 'mr
/1%+EﬂO?%&D3 z103E *0 03%+XZY'RrKG!%&wY -Y0@6&)-#$1'j)-6&D@G!%&w/18
t
I$0_1%&'#-D3E 6+6+E1'RQﬂM%&eWE %&Jw8!6.)ﬀE %F`
I$'D )-J,f!6&%+E 8G
t
I$'dW\%FE'{G1D2HP86+D #$1L510 DBL6+%&L{UﬀI$'D3E)-'=EQ
PD 	6*Y3GIXZY")-8![arG)-C4D %+XZY"G!0MWE%+Jw86&)ﬀEI$0;L51%K8'78'=E03L0 IXZY1'02;%&6+G#$L!8'#eX)!Q/hO;1%
J()ﬀ6Nf!0 IeWE 8'G2D fNI$'=EZ)-'q8!'G>/8![lnﬀ6&6&%+#)-LD XZY)-6+E 1EﬀQ
PD?O;)-03'>Y%+03[!0;U-1%&'2G%&03U=E1' OM0a`
D)-XZY!' 0 Uﬀ''7L)ﬀ0Q?W\I9OB80 G!pLN%+D f%+6+D3O?%&D3>G)-D*iMLD XZY)ﬀ6+E1''!%&XZY=EeG803XZYG%+q#$6&1%&XZY1'
W\|781'/1EfN'
t
10 803D)-XZY=EQ;1%?D3XZY7O;)-XZY10e:)ﬀE3E03%&e')-Y!J G%&U2n-8 	#$U-1%+EoGDoi2LD3XZY)-6 `
E1'DB/8RQ
z8!0 GoG0VW7E%&Jk86.)ﬀE I$0B')-XZYg1%&'1J iM8D3[l)ﬀ6&6OB%&G!0@)ﬀU7E %
t
%&103ErND31E /1E*102G%+*WE %&Jw8!6.)ﬀE %&I$'
f0 I-L6&1J,6+I$D?[]I$0TEQ
ﬀ  '  ( &0'"-&*) & )+& 2%(-" 2-(%,  2+( & ﬃ &-, & ﬃ( $'(-"%2%(-3#&(
ﬂ2%&Mi28DTOB%&03U8!'#$'
t
I$'/.V)-L516&Gh[]U=E1'>8'G>8'!D)-8LN03' ﬀA03L%&'!G8'#$1'qOB80 G!'{'780<)-J
0
r1 ;`T_0 nﬀEe8'=E10 D 8!XZY7EQ  %+"%+'2.V)-fmQ3Q "9L51D XZY03%&1L51'RrOB8!0 G1'G%&>[]03%&1'P'G!'G1D
G803XZY7E 0 1''=E'ﬀA0 L!%&'G8!'#$D G!0)-Y=EDc%&'{1%&'1Jui2LDTEZ)-'G
t
I-'  -J4J /18%+')-'G10M%+J TﬂD3I$/1'\`
E038J G1D 
I$J4I$#$0 )-fY1'pfNI$D3%+E%+I$'%+03EQ
 ﬀIP+ﬀ      ﬃ     
ﬃs)-6&6+DKG)-D .V)-LN6+'G!-rxO;16&XZY1D/8J 
DTED3E %&Jw8!6.)ﬀE I$0K[Y03Erﬀ1'=E6.)ﬀ'#2G10S/~`ﬂi<XZYD3:GD I-J,Iﬀ`
#$0)ﬀfY'pfNI$D %FE%&I-'%&103E;O;)-01r#=)-LpDBU-1%&'o;D3I$'G10 Y1%+E 'd/18"LNI-L)-XZY=E1'RQ z1''dG)ﬀD .V)`
L516&1'GﬁY3G!I\XZY{'=E 6.)-'#*G!0 
8''16+O;)-'GpL/1OVQ U ﬃ
` . $0 fN03D f8!6&
t
0 6+#-E<OB8!0 GﬀrO:)-0<LN%
)-U=E%
t
02W S`a?%&6&G!#$L8!'# ﬃ8'!U-'!D XZY6&)-#q/1OB%+D XZY1'9G'P'G'd/8gLNI$L)-XZY=E'mQRW\I-L)-6&GpG%+
P'G'pO;1%+E 0c)-6&D<X)!Q $J4J
t
I$'%+')-'G!0B#$1E 0 1''=EMOB803G'"I\G!0BG%&V?%&6&G!#$L8!'#e'GhEﬀr
D3E I$ff!E k)-8!XZYdG10 ﬃ8'Uﬀ'D3XZY6.)ﬀ#Q ﬂ280 XZYdG'ﬃs8!'U-1'D XZY6&)-#(OB803G'"G%&_[]03%&1'$.V)-LN6+'\`
G'( E03J )-8![]#$1Y%+/1Er7O;)-D;)-8XZY(/18 ﬀA03L0 1''78'#$1'{)-'(G!' ﬃS%+'#$10 '4GD \fN03%&J4'=EZ)`
EI$03Dc[!Y03E -Q 1J,fN0 )ﬀE8!0 J4D D38'#$1'g)-'"G'$.V)-L516&1'G'pOB80 G!o'%+XZY=E2G8!0 XZY#$h[Y0TErNG)
Y%&10 G8!0 XZYpG%&
J4f510)ﬀE 80 D3'D3I$0 1'^]DQ .V)-fRQ !Q "$b;YnE E1'"LND3XZYn-G%+#-E<O?0 G!'gU$''1'RQ
 	 
 

x l\
	
  x
ﬃ ﬂ2%+_W\f)ﬀ''78'#$D3J,1D D 8!'#$'{/1%&#-'Rr7G)-CkG)-D<WXZY)-6+E 'qG!0;J,)`
#$'hE%&D3XZY'4_0)ﬀG%&1'7E '![]16&G10Uﬀ%+'BW\f)ﬀ''78'#$D3D3E -C$
t
10 803D)-XZY=Er$G%&?D %+XZY
t
I$J #c)-8D3XZYf5~`
#$6^l%+'%&#-SJ ﬀ_bm)-LY1L51'O !0 G1'RQ ﬂ2%&1DK#$%&6FE5[!0)-6&6+SG03%$8'=E 0 D38XZY=E1'e$#:`
I$J,I-#$0)-f!Y'Rr
%&'D3L51D I$'!G03,[0G' "\r   ;`T$#:`
I$J4I$#$0 )-fY1'J4%+EVD3%+'J LND I-'G03DwD3E)-0 Uﬀ'_0)ﬀG%F`
'=E1'D DTEJpQ ﬂ2%+D_%&DTE@1%&'kOB%+XZY=E%&#- ﬀAI$0)ﬀ8D D31E/18'#>[0@G!%& ﬂ28!0 XZY![Y!0 L)-03U-1%+EV8'Gm8\`
t
10 6.nﬀD D %+#$U-1%+EcG10B[ # ;`%Oc'7E 03D 8XZY78'#-'RQ9Tﬂ'"1%&'10cW\%+E 8)ﬀE%+I$'Rr\%&'{G0M)-U=E%
t
V#$1#$'p%&')ﬀU=`
E%
t
 &M8!0 I$DTE%&Jk86.)ﬀE %&I$'4)-6+D;H)-0)ﬀG%&#$J,)@[0%&'4[ $#ﬃT ` \f510 %&J4'=E?L51'78!E/hE;OB%&03GRr7U$'!'7E '
$#:`ﬂ%&'!G8/%+0TE&c803I$D3E %&Jw86&)ﬀE%+I$'1'(G)-DBH)-0)ﬀG%&#$J,)oDTE $03'{8'G{G)ﬀJ,%FE:G)-D \fN0 %+J,1'=E
8'7L0)ﬀ8XZY7L)-0cJ()-XZY!'RQ
ﬂ2%&1D 1D!P03#$L'!%&De%&DTEe%&'#$8!E 0MLN03%+'D3E %&J4Jw8'#gJ4%+E*;03XZY'78'#-'#$1J(nﬀCV6+%&XZY78'!#
^ \Q
0
b~rG!%&{[0(G1'\fN03%&J4'=E16&6&1'<%+0 D3X)-'!'0,%&'!dJ,)\%&J,)-6&pW\f)-''78'#$D )-J4f6&%FE8G
t
I$' -J ﬀ
t
I$0)ﬀ8D D )-#$'mQ ﬂ2%+DS6+%&1#-ES8!'7E 03Y)-6&LkG0"C$1J,f 	'G6+%&XZYUﬀ%+ErO?%+6\G)-D#c)-8D XZY!'
#$0 -C$0:O;)-0Q ﬃ !0cG!%&VU76&%&'!%&D XZY!'"V10nﬀE VJ,%FEB%&Y03'pD XZY=O:nﬀXZY03'_0)-G%+'=E1'D DTEJ4'd%&D3E
G%&_LN03XZY'!1E Tﬂ'G8U=E %&I$'D3D f)ﬀ''78'#(G!J4'=ED3f0 1XZY'G9'!I\XZY{#$10 %&'!#$0^
6 
r1ﬀJ ﬀVb~Q
?k l ﬂ2%+9W\f)-''78'#$D3f86+D -r;G%&pG803XZY G!%& U ﬃ
`ﬂHA8!6&D "%&'G!8/%+03E4O?0 G!'Rr:Y!LN'
D %+XZYRrm)ﬀ'G03D@)-6+DMG!%&kV0 )-G%&1'=E'!D XZY)-6FE8'!#$'RrNG18!E6+%&XZY
t
I$J #M)ﬀ8D XZYfN#-6)ﬀLRQ ﬂ2%&kW\f)-'`
'78'#$D )-J,f!6&%+E 8G%&DTEdDTEZ)-03U)ﬀLYn-'#-%&#
t
I$' G!0g?%&6&G!#$L8!'#$D D3|781'/-r@%+'7L51D I$'G!0 GJ
ﬃS6&%+f=OB%&'Uﬀ6KG10PU ﬃ
`aHP86+D G)-'LN'"Yn-'#ﬀE2D3%&)-L
t
I$J ﬃ6+GpG!D_#<` I$J4I$#$0 )-fY1'RrG10
i20TEB8'GdV1I$J,hE03%&@G10 U ﬃ
`aW\f86+_8'GpGJ ﬀA10 D 8!XZYD)-8\[]L)-8RQ

F#
	 ﬀ*#
	
V1'036+6
U)-'!'d#$1D)-#-EcO?0 G!'Rr5G)-C(G!%&%&'G8!/%&103E kWf)-''78'#(8J,D3I(#$0 $C$10M%+D3Er>Y )e'n-Y10
G)-D ﬀA0 L!%&'G8!'#$D U)-LN6;/1OB%&D3XZY' P6&1U=E0 IG,8'GWE%+Jw86&)ﬀEI$0V)ﬀ'G0 Y3hO;1%&6+DkD 1'G1'G'
U ﬃ
`aW\f86+:6&%+#-EQﬂM%&DP/1%+#-Er$G)-C_G%&<%+'G8/1%&103E<W\f)-''78'!# LN0AG)ﬀD A%+'U-I-ff516&'eG10P6&1U$`
E03%&D XZY!' .MI-J,fNI$'1'7E :G10 UMIXZY![]0 1|78'/1D3E 0)-Y6+8'#V%&'kG'*16&U=E 0 %&D3XZY' K%FE10
t
10 803D)-XZY=E
OB%&03Gz^]i2'=E1''1' 5U=E~b~Q
i28XZYkG%&i2LYn-'#$%+#$U-1%+EG0%&'G8!/%&103E '*Wf)-''78'#
t
I$'wG!0
t
0TO;1'G1E ',;%&6+G#$1L8'#$D3D ~`
|78'/_%+D3E:OB%+2103O;)-03E 1EQ-_#$0 $C-0;G!0<i2'!0 #-8'#$DTOB%&'Uﬀ6 r!GDTEI*J4Y0ﬂU ﬃ
` K1%&D3E 8'#wJk8C
t
I$'9G!0W\f8!6&w1%&'#$1D3E 0)-Y6FE2O?03G'j8'Gj8J4D I(#$0 $C-0@%+D3E_)ﬀ8XZYjG%&w16&1U7E 0 %+D XZY .cI$J4f5Iﬀ`
''=E MG1DA6&1U=E0 I-J()-#-'1E %&D XZY!' z1XZYD 16+[]6+GD1Q ﬂM%&DP[Y!03EG)-''4/84Y $Y!0 1'>W\f)-''78'#$Da`
)-J4f6&%FE8G1'RQ
ﬂ@)qG%+eW\'!Gh`AJ4f![l)-'!#$D UﬀI$f![]D f!86&4)-8![]#-0 8'G9%+Y0 10_)-'9G%+e_I$J41E 0 %&oGD .cI$f![]1DV)-'#$~`
f)-C-E ',:)-8=O?%&D3MG!8!E 6&%&XZY*O?'%+#$0ﬁU ﬃ` K%+D3E8!'#V/80Ai2'!0 #-8'#kG!0 ._0 '!D f%+'D?LN'
-E%+#-Er
D %+'GG!%&,W\f)-'!'8!'#$D3O?0TEﬀrG%&*[0G1' ﬀA03D 8XZY!D)-8![]L)-8J,%FEoW\'!Gh`AJ4f![l)-'!#$D D3f86&4#$~`
J,1D D3'9OB80 G!'RrmO?D3'=E6+%&XZY'%&1G0 %+#$02)-6&D2G%&oJ,%FE@G10 . $03f510 D f!86&w#-J4D D3'1' 0TEﬀQ
5O:)ﬀ0<D %&'!GpG!%&_i28\[]L)-8!E '")-8![]#$038'GpG0<8'=E 0 D3XZY%&1G6&%+XZY'gV1I$J41E03%&@'!%&XZY=EcG%&03U=EBJ,%FE3`
%+')-'G10
t
10 #$6+%&XZY7L)ﬀ0r:E03I-E/1GJ O;1%&D3Ep1%&'98J J,%+'GDTE1'D{G' ﬃs)-U=EI$0  #$10 %&'!#$03
W\f)-'!'8!'#$D)ﬀJ,f6+%+E 8GVL51%G!0:HS` .MI$f![]D3f86+k)-8\[P%+'d'%+G03%&#$10 D2_1[ln-Y03G8'#-D fNI-E1'7E %.)-6
[0<G1'gHS)E%&1'=E'pY%+'RQ ﬂ20 Oc'7E 03D XZY%+Gd/hOB%&D3XZY'
0
r  ;`8!'G  ;`aV10nﬀEBU)-'!'"1%&'10 D 1%+E D
)-8![G%+P8'=E03D XZY%+G6+%&XZY 6+6&'!6.n-'#-SG10
WE0 )-Y6&8!'#</80 XZU7#$1[!Y03E
O;10 G1'RQ}i2'!G030 D3%FED
U)-''qD3%&XZY{)-8XZY{G%+28'=E 0 D3XZY%&1G6&%+XZY_I$J41E 0 %&cG10 . $03f510 D3f86&2%&'q1%&'10;8'=E10 D3XZY%&1G6&% `
XZY'S` ﬃ6+G
t
103E %&6+8'#eLNJ40 U7L)ﬀ0<J()-XZY!'RQ
ﬃ 0ML51%&Ge_0 nﬀEk/%+#-E_G%+eW\f)ﬀ''78'#$D
t
0TE1%&6&8!'#{%&'!wJ,IG86+%&103E 
0n-#$103[]03|78'!/
t
I$'

7XUc/>L/1OVQ
0
"

XUM/ﬀQV1J(nﬀCg[]0 Y10 104WE8G!%&'^ ﬂ211EGY3'
 	
 ;0 8#-#$'X)ﬀE
 


bkUﬀ)ﬀ''
%+' XZY!D 6+D f)ﬀ''78'#9J4%+EV%+'0 ﬃ0 1|8!'/q#-0 $C$10)-6&D
0

U+UM/4U-1%&',i2U=E%+I$'D3f5I-E '=E%&)-6&
J,1Y0AL51% &M0
t
1'/16&6&1'>)-8D36 $D3'Rr)-8!XZY,O?''qG!%&MW\f)-'!'8!'#$D)ﬀJ,f6+%+E 8GB%&JŁf!Y D3%&I$6+I$#$%&D3XZY
OB%&03UD )-J4'4;03%+XZY(%+'%&#-0 ﬀAI$6FEA6&%+#-EQ ﬂ@)-DAL%+I$6&I-#$%&D3XZYcW D3E J %&DTEA'n-J46&%+XZY*/8,E 0n-#--r$8J
)-8![K1%&'MG0 )-03E;D XZY'!6&6+_HIﬀE'=E %.)-6&n-'G10 8'#o0 )-#$%&10 1'q/8qU$''1'

ﬂ2%+ m16&6&1',D3Y1'{%&'!
 5U=E%
t
 &c1E3EI$D3f)-''78'#
t
I$'

ﬀwQ ﬂ@)-J4%+ESD %&'!Gw8'#$hE03%&#$#$103E <WE %&Jw86&)ﬀE%+I$'1'
t
I$' &M0
t
1'\`
/16&6&1'e'%&XZY=E?/8(LN1[!0 XZY=E1'Rr\D3I$6.)ﬀ'#$BG)-D ﬀA03L%&'G!8'#$D3Uﬀ)ﬀL516N1'=E6.)ﬀ'#oG!0?W J,J41E 0 %+)-XZYD3
GD$#:`
I$J,I-#$0)-f!Y'f5I-D %+E %&I$'!%&0TE8'G*)ﬀJLNDTE1'wJ,%FE
%&'!0SW\'G!h` PJ4f![l)-'#-D U-I-f![]D f8!6&
#$J4D3D 1'pOB%+0 GRQ
@L G%&gY!I$Y 
0n-#-03[]03|781'/)-8XZY G)-''
t
I$0qG1J i28!D 6 -D '
t
I$' i2U=E%+I$'D fNI-E '=E%&)-6&1'
D XZY !E /1Er?O;1'' G%& Tﬂ'G8U=E %&I$'D3D f)ﬀ''78'#G%&"#$J4D3D 1'' 03E 
t
I-' %&'!%&#$1' UM8!'G0TE
 ﬀIP+ﬀ      ﬃ    
0
ﬀAI$6+E?030 1%&XZY1'Rr!%+D3E:G!0 K%+E 0 )ﬀE80'%+XZY7E:/8>'=E 'YJ4'mQ
ﬂ21D Y)-6+L>D I$6+6+E MG)ﬀD ﬀA03L%&'G!8'#$Da`
U)-L516K8'=E10MUﬀ%&'!'WOcJ,DTEZn-'G!'p%&'pG%& &2nﬀYVG0 . $03f510 D3f86&#$16.)-'#-'Rr!O?'!'gG%&1D o)-6&D
W\'!G0c#$'78!E /1EBOB%&03GRQ
  ]}   Nz
7 @  l}  ]7ﬃs  nﬀY0 1'GG%+pHS)ﬀE %&'=E '6+%&#->%&' G'$# I`
J,I-#$0)-f!Y',Y%&'1%&'\`L/hOVQ\Y!0)ﬀ8D3[ln-Y!03Er7OB803G'pW\f)-''78'#$D3f86+D @J4%+E%+'0 ﬃ0 |781'/
t
I$'
X)!Q #"UMUc/"8!'G1%&'10,iMJ,f6+%+E 8G
t
I-'J,1Y04)-6&De1%&'1J ﬀAI$6+E4%&'!G8/%+0TEQ 5O;)-0,6+%&1#-E*G%+
ﬃ0 |781'/>D XZY!I$')ﬀ8C$03Y)-6+L G0kfY#\D3%&I$6+I$#$%+D XZY OB%&03U7D)-J4' _0 1'/1'RrIY3G!I\XZYU)-''G%+D3
Tﬂ'G8U=E %&I$'6&1%&XZY=E
t
10 J4%&G!'jO;10 G1'Rr
O?'!'zG%+4WE%+Jw86.)E%&I-'D 16&U=E 0 IGk10 D3E')ﬀXZY P0 03%F`
XZY' G!D TﬂD3I$/1'7E 0 8J4D>)-'G' WE %&Jw8!6.)ﬀE I$0e)-'#$1D XZY6+I$D D3' 8'G
t
I$0,GJ UM10)-8DT[l)-Y03'
')-XZYpG0 Oc'7E 03D 8XZY78'#,OB%&G!0B#$1E 0 1''=EMOB%+0 GRQ
   N 
 ; x   j l  N ﬂM%&BG	'%&103E ﬂ2803XZY![Y038'#w1%&'1DHS)-0 )-G%&#-J()-D[!0
[ $# ;`\fN03%&J4'=E?D 1E /1EPG!%&;D )-8LN03<HP0n-D3'=EZ)ﬀE %&I$'
t
I$'4WE %&Jw8!6.)ﬀE %&I$'Da`N8'G #B8Y1fY)-D3'
t
I$0 )-8D1Q ﬂ2D3Y)-6+L>G)-03[G!%&ﬃ8'U=E %&I$'qG!D&M180 I-D3E%+Jw86&)ﬀEI$03D?G!80 XZY{G%+_$#:`TW\1|78'/V'%+XZY=E
L51%+' 8C-E<O?03G'mQ
ﬂ2%&ppD D38'#$1')-'LN%+G'U76&%+'%&D3XZY' 
I$J,I-#$0)-f!Y'/1%&#-'RrG)-C ﬃs03|781'/{8'G HP86&Da`
L0 1%+E MG10:W7E%&Jk86.)ﬀE %&I$'!D D f)-''78'#
t
I$'(G0?;%&6+G#$1L8'#'%&XZY=E?L51%+' 8C-EO?0 G!'RQ ﬃN)ﬀ6&6&DP1D
/8,%&'!0 MLN036.)-#$10 8'!#
t
I$'DTﬂ'!G8U=E%+I$'DT`8'!G>WE %&Jw86&)ﬀE%+I$'D3D f)-'!'8!'#_U-I$J4JkEr$[Y03EG%+D3
/891%&'1028J L%+D2/8  

Y $Y10 'W7E%&Jk86.)ﬀE %&I$'!D)-J4f6&%FE8G!-Qﬂ2%&1D@D I$6+6+E oLN%
G02i28DTO:)-Y!6
G0W7E%&Jk86.)ﬀE %&I$'!D)-J4f6&%FE8G!%+'j;1E 0)-XZY=E#$1/I$#$1'9O;10 G1'RQ  n-Y0 1'GG0 Oc'7E 03D 8XZY78'#
D I$6+6+E @G%&2i2J4f6&%FE8GMG0MWE %&Jw8!6.)ﬀE %&I$'D3f86+D cJ,%FE:%+'Ju_D3/%+6&6&I-D U-I-f LN03O;)-XZY=EcO;10 G1'Rr
8J LN03Y $Y=E1'0TE'
t
I-0 /8!L518#$'mQ
 n-Y03'GG10e$#:`T"1D D38'#)-'LN%&G!' U76&%+'%&D3XZY' _0 nﬀE1' D XZY)-6+E 1E(D %&XZYG!0*HP86+D #$~`
L510_')-XZY%+'0_#$hOB%&D3D ' m%FE_D fNI$'=EZ)ﬀ')ﬀLRQ P%&' Oc0 D )-XZY4G)ﬀ[0@UﬀI$''=E4'%+XZY7EV#-1[]8'G!'
O;10 G1'RQﬂ@)-D4WE %&Jw8!6.)ﬀE I$0 J4I\G!6&6
t
0T[#-E4'%&XZY=E LN0*1%&'pWXZY8\E/
t
I$0 03%&XZY=E8!'# #$1#$'/8`
DnﬀE /6+%&XZYﬀr
t
I$')-8!C$'j%&'!G8/%+0TE4W\f)ﬀ''78'#$1'RQ 2Y'!6&%&XZY! A03#$L!'%&D3D *OB80 G!'
t
I$' #c1/)-%
1E)-6 Q  #c1/)-%
  
[0S%+J,f!6.)-'=E%+0TE&M180 I-D3E%+Jw86&)ﬀEI$03'oL510 %&XZY=E 1EQﬂ2D3Y)-6+LwJw8C@G!%& ﬃs8!'U=E%F`
I$'qG1D 
DTED3E %&Jw8!6.)ﬀE I$0 DAO:nﬀY0 1'G>G0[ $# ;` OM'=E10 D 8!XZY8!'#e6.)-8![]1'GqUﬀI$'=E0 I-6&6&%+0TEPO;10 G1'RQ
ﬃs)-6&6+D_D %&XZYzG0wWE%+Jw86.)EI$0V)-L!D XZY)-6FEhEr
Uﬀ)ﬀ'' 0oD I-[]I-03EOB%&G!0
t
I$' '18J %+'#$1D XZY)-6FEhE
O;10 G1'RQ ﬂ@)-D<[ $# ;`!fN03%&J4'=EcJw8CeG)-'!'d)-6+6&10 G%+'#$D?OB%+G10 YI-6+E<O?0 G!'RQ
 " F#
	 ﬀ*#
	
 "P l
7  o

d

P7x 7x l


ﬃs "1D D 8!'#$'k)-J
0
r  ;`
I$J,I-#$0)-f!Y'
Y)-LN'*#$1/1%&#-Er-G)-C_G!%&:%+'G8/1%&0TEBWf)-''78'#V8'=E 0PLND3E %&J4JkE1'*;1G%&'#-8'#$1',)ﬀ8D 03%&XZY=Er
8J ﬃ8'Uﬀ'D3XZY6.)-#>/hOB%&D3XZY'9G1'd[]0 1%&1' P'G1'9%&'!D2G!80 XZY=E03''=E ' .V)-L516&Dc/8
t
0380 D )`
XZY'mQ
2Y'!6&%&XZY!!P03#$L'!%&D D3(OB803G' LN03%&XZY=EhEk[08'D )-8LN0k)-'#$16&#ﬀEe8'G G)-G803XZY D XZY6+XZY=E
6&1%+E1'G$.MI$'=EZ)ﬀU7E gLN% .2@` MLN03O;)-XZY78'#O;n-Y03'G$#:`a;%+6&G#-L8'!#  .V8!#$6

  Q ﬂ210
HS)ﬀE %&1'7EB10 6+%+E E ﬀA03L0 1''78'#$1'dG03%+E E '"_0)-G1DB)-'pG0cWE 6+6&-rO;I4G%+  .2@` .MI$'=E)-U=E_G%+
U2)-8\EBL510 Y0TE1'RQ
Tﬂ'eGJ iM8![]L)-8Rr=G!0P[0PG%+:[ $# ;` \fN0 %+J,1'=E
t
103O?'GhE:O?0 G!'(D3I$6&6 r-U$''=E1'(G10)-0a`
E%+#$   5U=Ee)ﬀ'gD I$6+XZY'j?D3E)-'G!E %+6&'9G!DVWE %&Jw8!6.)ﬀE %&I$'D3D D3E J4D2)ﬀ8![ E031E1'RrmG!%&w)ﬀ'![ln-6&6+%&#
#$#-' LN028!'D)-XZY!#$J,n-C$102;1Y)-'G!6&8'#,I\G!0c8'D)ﬀ8L510 1J iM8![]L)-8"D %&'!G^l/ﬀQ MQRWE XZUﬀ0Zb~Q
OMJu1%&'1'dfN03[]1U=E'di28![]L)ﬀ8g/8"#$1O;n-Y036&%+D3E 'd8!'Gg
t
'=E8!6&6+ ﬂ2h[]U=Ew)-8D /18D XZY!6&%&1C$'mr
J4f
	1Y6+EDoD %+XZYRr
t
I$0G0!OM'=E10 D 8!XZY8!'#9G'z6&1U=E0 %+D XZY1'WE 0 I$J4U70 %+Dk)ﬀ8![ ﬂ2h[]U=E(/8
LN0 f!0 ![]1'RQ ﬂ2%+D_U)-''9/ﬀQ 2QmJ,%FE21%&'10 TﬂJ,fNG)ﬀ'/J4D3D 8'#{G1DWE%+Jw86&)ﬀE%+I$'D D D3E1J,DM0a`
0 1%&XZY=E<O;10 G1'RQ
  	
 

  
ﬂ2%&1D  .V)-f%+E 6@LNY)-'G16+E"G%& ﬃ0)ﬀ#$-r<I$L 8'G%&'=OB%&hO;1%+EpD %+XZYG!%& 1J,fN0 )ﬀE8!0")ﬀ' G10
WE%+Jw86&)ﬀE%+I$'D 16&1U7E 0 IG<8'G,G03' m86+%FE8'#-D U)-LN6O;n-Y0 1'G{$#:`TpD D38'#$1'
t
0 n-'G103EQ
UM%+0 LN%%&'=E10 1D D %+0TEVL51D I$'G!0 DG101%&6SG!0P6&1U7E 0 IG-rmG0_%+'9G'HS)E%&1'=E'^l%+J Uc%&03'
I\G!0<8'=E10MG!0 U2)-8\E~b;%&J4f6&)-'=E%&103E;%&D3Eo^]DQiMLLRQ  !Q "$bhQ
    	ﬀﬂﬁ	ﬃ  	
i2L#-D 1Y'G)
t
I-'RrRG)-CpWf)-''78'#-D f86+D ei2U=E %&I$'D3f5IﬀE'=E %.)-6+w)-8D36 $D3'9Uﬂ$''1'RrKU)-''9G%+
%&'G!8/%+03E eW\f)ﬀ''78'#{/8j%+'J 
J4f510)ﬀE 80)-'!D3E%+#>%+'gG0P6+U=E03I\GﬀrmG10 1' m86+%FE8'#
8'GGJ 8J4#$1L51'G' VhO;1L54[Y03'RQ P%&' 1J,fN0 )ﬀE80 )-'DTE%&1#"%+J Uc%&0 '!#$1O?LN(1%&'1D
#$D38'G1'{"1'D XZY1'>8J J4Y0?)-6&D  ◦  [Y0TE?/18'n-XZY!D3E:/18(1%&'1J 0  t 03D %&L!6&',i28DT[l)-6&6 t I$'
&M180 I$'!'  ;0 IGUﬀ  


Q;;1%M1%&'104O?%FE10 '1J,fN0 )ﬀE80303Y!$Y78'# 8!J J4Y!0()-6+D
0
 ◦ 
U-I$J4JkE*1De/8%+'0*D3XZY7O?03'Rr%&030 1f510)-L6+' W\XZYn-G%&#-8'#
t
I$'2&M10
t
'/16&6+' G0*LN1E 0 I-[.`
[]'1'UM%&03'0 1#$%&I-'  ;I$D3J()ﬀ'
  
Q PDV03#$%&L!E@D %&XZYj8RQ OoQm%&'!*8'J4%+E E 6+L)-0 wVh[ln-Y03G8'#>G1D
8'=E10 D 8!XZY7E '9H)ﬀE%+'=E1'RQ
 %&>%+'.)ﬀf%+E 6 gLN03%+E De)-8D3#$1[Y!03ErSU-I$J4JkEeD*%+J 16&U=E 0 %&D3XZY'WE 0 I$J4U70 %+D*)-8D4W7E%F`
Jw86&)ﬀEI$01r m86+%+E 8'#r P6+U=E03I\G8'G UM%&03'#$hO;1L5G80 XZY G!%&z$#<`ﬂ;%&6+G#$1L8'#/-Q _Q2/18
%&'G!8/%+03E 'W\f)-'!'8!'#$D f!86&D3'RQBTﬂ'G1' ﬀA10 L%+'G8'#-D U)-LN6&' 8'GG0!P6&1U7E 0 IG>[Y03'
G%&1D ,W\f)ﬀ''78'#$D3f86&D3e/8%&'!0WE 0 I$J4G%&XZY=E 
t
103E %&6+8'#rmG%&*%+'j)-6&6+'d)ﬀE 03%.)-6+%&'d'G6+%F`
XZY'z6&1U=E0 %+D XZY1'  %+G03D3EZ)ﬀ'GDo%+'*EY10 J4%&D XZY! P'10 #$%+
Eth
f03I\G!8/%+03EQ &2)-XZY -I$86&

 
   P#
	  ?ﬀ 
	BX#	+
D3E Y1'
Eth
8'G4G0G)-J4%+E
t
03L8'G!' 
J4fN0)E80 )-'D3E %&1#
∆T
%+'*[]I$6&#$1'G10??/%+Y78'# 
Eth = UIt = I
2Rt = cρV∆T .
^ !Q
0
b
ﬂ@)-LN%D3E Y=E
U
[0kG!%&(%+'G8/1%&103E(W\f)ﬀ''78'#98'G
I
[0kG%+qW7E0 I-J,DTEZn-03U-,O;n-Y03'GG!0
m%FE
t
Q
R
%&DTE2G!0216&1U7E 0 %+D XZY  %+G03D3E)-'GRr
c
G!%&D fN/%D XZY!  n-0 J4U)-f)ﬀ/%+EnﬀEM8'G
ρ
G!%&
d)-D3D '!G%&XZY=E2%&JﬀAI$6+8J,1'
V
Q!?%s%+'0 z1XZYD 16&D3f)-''78'#eD3%&'G,G%&c'=ED3f0 1XZY'!G'[.`
[]U=E%
t
O;103EV/18"LN'78!E /'mQ
ﬂ2%& 1J,fN0 )ﬀE80303Y!$Y78'#r!G%&_)ﬀ8DcV6+%+XZY8!'#p^ !Q
0
b[]I-6&#-ErOB%+0 G>%&'>%+'=EZ)-U=E1Ju_1O?LNV)-6F`
6&10 G%+'#$Dw#$10 %+'#$0w)-8D3[l)ﬀ6&6&1'RrSG)j1%&'#$03I$C$10 1%&6:G10*GfNI$'%+0TE'E Y03J,%+D XZY1'P'10 #$%+
)-8![]#$038'G{G102_1O?LNfN0T[]8D %+I$'pD I-[]I$0TE
t
I$J ?6&8!EB)ﬀL!E0 )-'D fNI$0TE%&103E<OB%+0 GRQ ﬂM%&DB#$%+6+E;%&'D3L5~`
D I$'!G03V[!0cG)-DBL51D I$'G!0 Dc#$8!EBG!80 XZY7L6+8!EhE UM%&03'#$hO;1L5ﬀQ
i2'*G1' .V)-L516&1'G'mrﬀO?I"%&'%+J()cG0PWE03I$J,G!%&XZY=E
t
0TE1%&6&8!'#_)-8![ E 0 hE'mr-U-I-J,JkESDPG8!0 XZY
D3E)-0 Uﬀ ﬀA10 D3XZY%&1L8'#$D3D3E 0 $J4,/180 P'03#$%&1GfNI$D %FE%+I$'9%&Jv8J46&%&1#$'!G'_1O?LNd^]DQ .V)-fRQ
\Q
0
bhQ ﬂ2)-D<[Y03EB1L51'![l)-6+6&D</8 
J4f510)ﬀE 80 10 Y!$Y78'!#$' K%&8
 

Q
 
	        ﬃ  
 ,   Nﬃsx

 mR
ﬀ= ﬂ2%&!1J,fN0 )ﬀE803J,1D D38'#$1' OB80 G1')-' G!'
%&'.V)-f%FE16\Q "
t
I$0 #-D3E 6+6+E1'U6+%&'%+D XZY1'$#<` I-J,I$#-0)-fY!'G10!ﬃ16&GDTEZn-03U-'
0
r1  8'G
 !r

 G!80 XZY#-1[Y0TEQﬂ2%+W\|781'/f)ﬀ0)-J41E 0jG0
t
03O?'!G1E 'y;%+6&G#$1L8'#-D D 1|78'/1'
D %+'GLN'![l)ﬀ6&6&DoGI$0TEe/8D )-J,J4'!#$DTE6+6+E>^ )-LRQQ "g8'G Q  =b4Q ﬂ2%&(L51%&G1'W8'G cW 
W\|781'/1'O?03G' [0qU76&%+'%&D3XZYg[ $# ;`ﬂﬁM'=E10 D 8!XZY8!'#$' '%&XZY=E{'I-EﬂO?'!G%&##$1L0)-8!XZY7EQ
W\%&;D %&'!Gﬃ31GIXZY()-8\[]#$0 8'!G4%+Y0 10PYI$Y1'qW7E0)ﬀY6&8'!#$D 6+%&DTE8'!#_%&'*G%+ ﬁM'=E10 D 8!XZY8!'#$'q)-8![]#$~`
'I$J4J,1'*O;I$03G'mrG)Y%+03J,%FEPG%&<J,)\%&J,)-6+ P03O;n-0 Jk8'#k')-XZY(I$LN',)-L#-D XZYnﬀE/hE?O?03G'
U)-''RQ
 
	

"
{	ﬀﬂﬁ



ﬃ &c803I$D3E %&Jw8!6.)ﬀE %&I$'D36+U=E03I\GﬀrW7E%&Jk86.)ﬀE I$0r ﬀA10T`
L%&'!G8'#$D3U)-L516R8'GpHPY)-'=E I$J D %+'G{LN'![l)ﬀ6&6&D?%&' .V)-f%FE6 \Q "kL51D XZY03%&LN'mQ ﬂ@)-DcHPY)-'=EI$J
OB80 G!-r
L51%?)ﬀ'D I$'!D3E1' #$6+%&XZY!J ﬀA10 D 8!XZYD)-8\[]L)-8RrJ,%FEV%&D IﬀEI$'%+D XZY10 .cI\XZY!D)-6+/6 -D 8'#p#$~`
[6&6FEQ
ﬂ2%& 1J,fN0 )ﬀE8!0 J4D D38'#(OB8!0 GwJ4%+EM%+'J $#:`ﬂUﬀI$J4f)ﬀE%+L6&1'Rr!LN03I$f!E%+D XZY1' <Y03J,I`
   		$    	  
J,hE10q^ "I\G!6&6  

 K8  E 0 I$'RrSW!)-'=E) ;6.)-0 )!rﬁ@W\i@bG8!0 XZY#$h[Y0TEp^][0'n-Y!0 ﬂ'![]I$0 J,)`
E%+I$'' LN0eG)ﬀDq_0 nﬀEeD %+Y{i2'!Y)-'#i_b~Q AD4LND %FE/hE
t
%+0e8')ﬀLYn-'#-%&#$/.V)-'nﬀ6&-rS%&'!
1J,fN0 )ﬀE8!0)-8!$D 8'!#
t
I$'

r
0 ◦  8'Gp%+' m%FEZ)-8!$D 8'!# t I$' 0 DQ
ﬂ2%& 1J,fN0 )ﬀE803D 1'D I$03'{OB80 G!'")-'{G0 P6&1U=E0 IGe^l)-' .MI$'=E)-U=E "k8'G  =b?8'!G"1'7E 6.)-'!#
GD ﬀA03L%&'!G8'#$D3U)-L516&D%&'4%+'J iMLD3E)-'G
t
I$'
0
XJ %&'!'03Y)-6&L4G1D;HPY)-'=E I$J ^l'=E D f03%&XZY=E
GJ ﬀA10 6.)ﬀ8![RG1D .V)-LN6+D?%+JyV1Y%&03'sbP8'G
0
r1ﬀX1Jy)-8C$10 Y)-6+Lg^]'=ED3f0 %+XZY=E<GJ ﬀA10 6.)ﬀ8![R8'`
E102G10
	2)ﬀ8!E~bB)-'#$1L0)ﬀXZY7Ee^lDQNi2L!LRQ Q  =b~Q ﬂ@)(G)-D <Y03J,I-J,hE0M'780
t
%&10@W'D3I$0 1'9Y)ﬀEr
Jw8C-E *%&'9J4Y0303' ﬂ280 XZY!#=n-'#$1'z#$1J,1D D3'8'GG%&4W\1'D I-0 'G)-/hOB%&D3XZY'8J,fNI$D3%+E%+Iﬀ`
'%&103EMO;10 G1'RQ PD@OB80 G1')-8XZYW\'!D I$03'j/80 #ch[]0 1'/J4D3D 8'!#d)-'9G!0@iM8C$'!D %FE*G1D
HPY)-'=EI$J4Dc)-'#$1L0)ﬀXZY7EQ
W\I@OB%&:)-8XZYeG)-DA@D3/%&6+6&I$D3U-I$foOB80 G<G)-D%+#$'=E 6&%&XZY! 1J,fN0 )ﬀE8!0 J4C$#$10nﬀE)-8C$10 Y)ﬀ6&LwG1D
ﬁM'=E10 D38XZY78'#$D30)-8J4D;fNI$D3%+E%+I$'%+03EQ&c80AG%&c_6.)ﬀD3[l)-D30 'eJ4%+EPG!' 1J,fN0 )ﬀE803D 1'D I$03'()-'
%&Y03' P'G1'd#$16.)-'#ﬀE'{G8!0 XZYp%&'! ﬂM80 XZY![!Y0 8'!#(%&'{G%+	 ﬃ
` .V)-L%&'!-Q
ﬂ2%& 
J4f510)ﬀE 80 J4D3D 8'!#$' OB80 G1' 8'=E10p[]I-6&#$1'G' ﬀA03D 8XZY!D LNG%+'#$8'#-' G8!0 XZY#$~`
[Y0TE

ﬃ 0*LN%+G"$#:`
I$J,I-#$0)-f!Y'^
0
r   8'G  cbhr ﬃ3hO;1%&6+D4J4%+EwG';%&6+G#$1L8'#$D3D ~`
|78'/1'p)-8D S)ﬀLRQ%\Q "8!'G>L51%58!'7E 03D XZY%+G6+%&XZY10<HI$D3%+E %&I$'%+038'#GD ﬀA10 L%+'G8'!#$D U)-LN6+D
%&J I-J,I$#-0)-fY ^ )-#$w%+'9G0 \/h`ALN'!d^]DQRiMLLRQ \Q7bM8!'G  %&'Uﬀ6P%&'9G!0  =` PL51'd^lDQ
i2LLmQ\Q
0
b3bhQ ﬃ !0MG)ﬀD  ;`aV10nﬀEBOB803G'"L51%&G	 ﬃ`TW\f8!6&'z^lD1Q .)ﬀfRQ\Q "-b
t
0TO;1'G1EQﬂ210
1D3E D3E%+Jw86&)ﬀEI$0?O:)-0<O;n-Y03'G"G0M"1D D 8!'#$'dG80 XZY!#$Y1'Gg)ﬀU7E %
t
Q
  
	
ﬂ2%&P0 #-L'%+D D3;G10 
J4fN0)E803J,1D D 8!'#$'oO:)-03'oD Y!0SD3E)-0 U@)-LYn-'!#$%&#
t
I-'wG0 ﬃ6+GD3En-0T`
U-cGD;$# 
I$J,I-#$0)-f!Y'Rr
t
I$JﬀA03D 8XZY!D)-8![]L)-8q8'G
t
I$'4G10;;%+6&G#-L8'!#$D D3|78'!/2L/hOVQ
G03'dWE0 )-Y6+8'#$D36&%+D3E 8'#Q ﬂM%& P0 #$1L'%+D D VO?0 G!'"[!0<G%&o_0nE_#$hE0 1''=EcG)-0 #-D3E 6+6+EQ
	

  ,   Nﬃsx ﬃ 0>G!%&g10 D3E  ﬀA0 D38XZYD3D 03%&jO:)ﬀ0>G%&jW7E%&Jk86.)ﬀE %&I$'!D 6+U=E03Iﬀ`
G
t
I$J 1D3E D3E%+Jw86&)ﬀEI$0w)-J D3fnﬀE10e8'=E0eG10	2)-8\E,6+%&1#$'G!' WE XZU-10g^ﬂfN03X8!E)-'I-8D
;I$''1X1E I$04%+'ji2LLRQ  !Q "$b2ﬃs }x$Qﬂ'G%+D3J ﬃs)-6&6U-I$'!'7E -r8')ﬀLYn-'#-%&#
t
I$'G0o$#
W\|781'/-r\U-1%&'10 6&1% A0TO:nﬀ0 Jw8'!#w#$J4D3D 1'(O;10 G1'Rr\O?G!0:)ﬀ'(G10 P6&1U=E0 IGﬀr\'IXZYq)ﬀ'(G~`
0 1' m86+%FE8'#!Q
ﬂ@)-')ﬀXZYOB803GeG%& A6+U=E03I\G!e)-'9G' 
D3E D3E %&Jw86&)ﬀEI-0@)-'#-D XZY!6&I$D3D '8'Gj/8!'n-XZYDTEkG)ﬀD
    
	     
		+
i2LL!%&6&G!8'# \Q
0

U	

 ﬀﬂﬁCﬃ! "#
ﬂ$ﬀ  K% 	&'    (	)(*ﬃ+,'-./ﬂ
0"+1 ﬁ
23
ﬀ'-4
0"3
4. -)5678 .9):;"<'- 	= C*>=	4 T?@FDAB	) UC!	
ﬂ'+ "<)D	%
ﬀ	EGF=3% H3 IG	4
0"+;T+JK 	5&ML
4D@ﬀN -O.Pﬀ)1+<QRﬃ S )!0
TU )V.
*ﬃ+	W.X6? +Y '7J3	S"ﬀﬁCﬃ83 '>8*ﬁZ)87
["+2J*
ﬂ\N+]5	
ﬂ
I!  _^C#`
ﬀ)5.aK D
J*
ﬂ\E)MJ*
b8 .cHY	ﬀ	ﬂI6? K68% QRﬃ)\8Nd7e	"#ﬀ&F=3% H3 I8NB ). '.Ef"<ﬀ8HCﬃ'ﬀ
"ﬁC	ﬃ!     ﬁ ◦ % g ﬁR h7)ZHC0
IQRﬃ':f)0
T
 	i
4 j     lk?Ndm,n ﬁ ◦ )THC
QRﬃ1*)0
Z7
I/
G 8f"<
 ﬁ	k	#H  
ﬀA03L%&'G!8'#$D3Uﬀ)ﬀL5162]ﬃ 
7-ﬀo4	ﬀ
G!D 
I$J,I-#$0)-f!Y'
t
036&#ﬀE^ HI-D %+E %&I$' u%+'
i2LLmQ \Q7bhQﬂ'G!%&D3J ﬃN)ﬀ6&6
U-I$''=E w[0_G%&*W\|781'/1'zJ4%+E@'!%&G!0 %&#-0_W7E0)ﬀY6&8'!#$D 6+%&DTE8'!#
^  # S`H ZrW S`H Zr?dH#Bic bwU-1%&'P03O;n-0 Jw8!'#03#$%+D3E 0 %&103E*O?03G'RrG%+pD3%&XZY
t
I$J
#M)ﬀ8D XZY1'8'=E03D XZY%+GRrO;1G0e)-'zG0 P6+U=E03I\G('I\XZY)ﬀJ ﬀA10 L%+'G8'!#$D U)-LN6@^lDQi2LLmQ
!Q "$bhQ ﬃ !0G!%&,W\|781'/1'J,%FE_YI$Y!0kWE0 )-Y6&8!'#$D 6+%+D3E8!'#^ W <r cW bVLN1E 0 8#"G%& P03O;n-0a`
Jw8'#d)-' G10 P6&1U=E0 IG,%&'!%&#$mY!'7E 6:V0 )-G ;16&D %+8DQ
i2'zG0 m86&1%+E8!'#pOB8!0 GqUﬀ%+'
P03O;n-0 Jw8!'#e0 #-%&D3E 0 %+03EQ
ﬂJﬁﬀA10 #$6+%&XZY>G)-/8>OB803G-r%+J ﬃs)-6&6+M1%&'10BHI$D3%+E %&I$'%+038'#wG1D ﬀA0 L!%&'G8!'#$D U)-LN6+D<%&'>G10
"%+E3E 

l	
 'p    ]7	
 ?  S l^ H
I$D %FE%&I-'' 8'!G ﬂu%+' i2LLmQ
\Q7bhr7)-'4G10 P6&1U=E0 IGB%+'cD %&#-'% U)-'=EAY!-Y03 
J4f510)ﬀE 80 DTE1%&#$10 8'##$1J,1D D 1'RQ!W\%&B6.)ﬀ#
/1OB%+D XZY1'

r " ◦ [!0;G%+_ # S` AH ?W\|781'/_8'G 0 r  ◦ [!0:G%&@W W\|781'/-Q P%&'(i2'DTE%&1#
G0 1J,fN0 )ﬀE8!0:)-J ﬀA03L%&'!G8'#$U)-LN6NU-I-''=E2O?G10:%&'!'03Y)-6&L,GD:HAY)-'=EI$J4D;'IXZY>)-8`
   		$    	   
 

	
 
ﬀ
ﬁ
ﬂ
◦
ﬃ
 "!$#
 "!%
 "!$&
 "!$'
 #"!)(
 #"!$#
 #"!%
 #"!$&
 #"!$'
∆ *,+
!$& ◦ -
+
(  # . %
i2LL!%&6&G!8'# !Q "

'ﬀ.SH3ﬀ0 	!]ﬀ0e ﬁE, ﬀ 	*ID7\B J0/	ﬃ\'  +	% 	:  ' 	:%
+1 @ﬀ6,N   4
ﬀ"_7e	"Eﬀ&68% QRﬃ)\A)Am,N  ﬃ %  . !"<8H'ﬃ'7G  b"?
 ﬁ	k	 H  
C$03Y)-6+L[]1D3E #$DTE6+6+E*O?03G'RQ ﬂJ #c)-YJ4'G10(pC$#$1')-8%+#$U-1%+Ee8'=E 0 D3XZY%&1G'D %&XZY G%+
P0 #$1L'%&D3D V[0<G%+ .)ﬀL516&fNI$D %FE%&I-''> 8'Gﬂ%&'{i2LLmQ \Q e'%+XZY=EQ
ﬂ2%&pY!XZYD3E ' 
J4fN0)E803D3E1%&#$10 8'!#$' OB80 G1'#$1J,1D D 1'Rr?O?'!'G)-D ﬀA03L%&'G!8'#$D3Uﬀ)x`
L516243653798:2<; ,=332 

5>38@?"ACBDE 	 ﬃ
` . FE3f
DGEIH fJKLD
t
DGEIKMDN"O4OJEIBD^QPRFHISTOUSMRFAi
JAB VSMAiXWWZY 4Y7b[Y ﬃ E\BSMDH]DA ﬃ^?"KLK_JEIBD`?"J!XZYaBDGEbSLAcDK
t
?"EISMSLDGE]Or
JAdOUDGEeBDfgB>?H
ﬀhDE]WSLABJANFH]c?W
DGKiA>?-XZYpijJHOUEISTOIOk?"JHkBDAlPAY?"AdOURFfm?AlBDGE nJAADKT_,?"ABlWoD1[pDGH]OUSMN"Oq_SLE]B
^6HGYRijWWrY 4Y7bsY ﬂt?"WoDSvuGDSLNOUDAwBSLDelDGxFDE]NFDWASLH]HIDyDSMADzH]OU?"EIcDeijWYnANFSLN"c"DSTO
t
RFA{BSLDGHIDf
bSLAcDKiJABlBDGE ﬃ]DG_|DSLKMH?"cdOUS
t
DA"}SMKLBNFDGWJAN"HIHID1|~JDAuY ﬂXDEH]On"EIc~H]OID Df4foDEU?OUJEI?"AH]OISLDGN
_JEIBDe[EeDGSLADGA bSLAcDK
t
R"A
0
  ◦ N"Df`DHIH]DARriBDEASLDGBEISMNFH]OIDw[E 

◦ riJABuG_}?"EW
DGSh?"KF`
KLDGA[A![4D1|<JDAuGDAZY n?"W
DGKLKMD Y
0
uDGSLN"OBSLD hE]NFDWASLH]HIDg[EBSLDdiXJ![pW>?"J4OUDAbf`SMODSMADf
bSLAcDK
t
RFA
0
  ◦ JAB 

◦ ri?"KMH\BSLDyWoDSMBDA 4OIEIDGfDﬀriJAB

◦ ri?"KMH\BSLD_}?-YEIH3XZYDSMAKLS+XZYH]OID
PnRFH]SMOISLRFASMDE]JANBDGH .?"WoDKMHY ﬂjDGEoY \XZYHOUD nDGf,foDEI?OUJEU?"AHOUSMDN?"ABDE KLDGc~OIEIR<BDyW
DsOUE]JN
0
\r  ◦  [EyBSLD Ł4D|~JDGAuSMf 0   ◦ `ﬂiXJ![pW>?"J ^6HGYPijWWZY 4Y  =b[Y ﬂjDEyDGA~OIH fE]DXZYDGABD aDEO
[EBSLD # `hP ,4D|~JDGAueKLSLDGN"OqWoDS "\r

◦ jY f ﬀhDGEINFKMDS+XZYB?"uJK?"N"DABSLDE_:n"E]fzJAN"DA
SLf


◦ `ijJ![pW?"JwfSTO aDEOUDGAus_SLH3XZYDA

r
  ◦  [E\BSLD* # S` hP j<D|~JDAu`JAB !r  ◦  [E
BSLD 94D|~JDGAuDE3YDWKMS&XZYASLDBEISLN"DEY AdOUKL?"ANBDGE rJKMDSTOUJANlSLAADE Y?"KLWaBDHP Y>?A~OIRFf`H
_,?EIDAc?Jf nDGf,foDEI?OUJE
t
DGEn"ABDEIJANFDA>[pDGH]OUuGJH]OIDKMKLDArY\iXABDE rJKLDGSMOIJAN?"JxFDGE Y>?"KMWBDGH
P Y>?"AdOURFf`HzWoDGOIEIJNwBSMD(Y!XZYHOUDNFDGfDGHIHIDGAD nDGf,foDEI?OUJEIH]OIDSMNFDE]JAN 

r
0 ◦ Ł_;n-YE]DAB 
    
	     
		+
0?W
DGKLKLD4Y
0
 ;  
4.#,  .AH3B0 ﬀ	)!
0" 		*D5@>  3 I
T " ﬁCA]f
+g 	ﬁI%
? -	. mN   % ﬀ /
G 8R"<
 ﬁ	k,4H  
    

	 

	 

	 

	 

	 


	 

	 
	 
	 
∆
6
	  ◦ 
∆
6
	 ◦

 


◦
ﬀ
ﬁ
ﬂﬃ  "!$#%ﬃ&
'
&(ﬁ*),+ ﬂ-ﬃ  .),&-/
	
'
),01ﬂ243
'
+65$7*3
'
&8 :9#
'
&<;
+ ﬂ=1 .2>9@?ﬂ
A
WWSLKLBJAN Y  

 .AH3B0 8] 	ﬁ	 	*ﬀD75@j ' ^Cﬀf	
4' "?)0D	Jv/	ﬃ5$	:%
+1 @ﬀ6,NM AﬀA4
ﬀ"_Eﬀ'	B" ;F=3% H3 I ﬀ) m,NCB %  .Ef"<bHCﬃ' 'Tm DB ◦ % S ﬁR? 8)
E
8f"<
 ﬁ	k	-F  
G}SLKMBNFDGWJANtSMf
0
  ◦ H
A
J IpW>?JLKpHY
A
WWZY Y  NMO"NFDGNFDA WoDE JO ◦ PIEBSMD<Q #  H hP v4DR~JDAuY
f


◦ H
A
J IpW>?"J W
DsOUEIJNFDA BSMD!aDEOUDﬃ]Ds_}DGSLKLH
0
*O

◦ ŁWus_Y

O
 ◦ jY ﬂXSLDH]D aDE]OID_JE]BDA
ﬃ]DG_|DSMKLHTSFR"A BDGfﬃ]DGASLNFDGA DfVUoDEU?OUJE]HIDAHIRFEeNFDG_|RFAADAWOi_|DK4XYDESMA{DSLADf
A
WH]OU?"ABZS"RFA
0
O1Xf[S"RFA BDGE]\tWoDE _^
XYDBDGE&X? }K
H
 FHIJAN`K6HOUDGKLKCS"DEOUEIDsOUDGABaIE`BSLDb\tWoDE _^
XYDBDGH
	XSMEIAH,DGSLADGHkP0?OISLDAdOIDAcM,DAdO8IpDEIAdOkWoDIpDHOUSMN"O,_}?"EY ﬂjDGE nDGfdUoDEI?OUJEI?"AHOUSLDGNy?"ABDA WE]SLNFDGA
   		$    	 
BEIDGSv<DAH]RFEIDGAWOZSLAlDSMADf
A
WH]O ?AB SFRFA
0
O XfO  Xf JAB  O1XGf S"RFf DEIHOUDGA4DAH]RFE,Oo_,?E
DGO_}?"HkNFDE]SLANFDGE,O>?W
DGEqSLABDEH]DKLWoDALQ\E FxFDGARFE]BA~JANY
4R _}DGSMODGSLA nDGfdUoDEI?OUJEI?"AHOUSLDGNuJ S"DE]uDSCXYADGA _}?"E,OhOUEI?OBSLDH]DESMAH]OU?"AdO ?"A O|SMAADE8Y>?"KMW
_}DGASLN"DE4Dc~JABDA DSMAWOiJf A>?XY EIEIDGS4XYDGABDGH? SMf?KM_|DE]OIDH IEBSLD rDSTOUB>?JDEBDGE
?"cdOUS SFDA G}SLKMBNFDGWJANkSLAeDSMAPK?OUD ?JuJf ABDA KpHY
A
WWrY 4Y  NM[Y ﬃ E:BDA ﬃo?KLK OGB>?"xXBDElDx
H
UJAcdOjSLABDE &j? }K
H
 FHIJANKL?"N O>HIDsOUusOUDA?
XY EIE]DS4XYDABDGH DfVU
DGEU?OIJEIf?4SLfzJfHO X ?Y
 

HA>?
XY G|DNFSMAABDE# G|SLKLBNFDWJAN O DSMAH8XY~_}?
XYDGE
A
Wc  YK4UE]RFuDGxtJf DGO_}?

O1 ◦  fSMA
K6HGY
A
WWZY Y  NM,DSMAZY ﬂjSLDGHIDGE
A
Wc  YK4UEIRFuGDx_}?"EkA~JEXB?"AAWoDR"W>?
XYdOUW>?E,O>_}DGAAuGJ SFRFE nDGf
H
U
DGEU?OIJEIHOUDGSLNFDGEIJAN"DA SFRFAfSMABDGH]OUDGAH  ◦ bH]O ?OIOUN"DIpJABDALY?OIOIDAZY

   ^7^;5   WoDAH]R\_SLD IE0B>?"H
0
O1 
H
Q\DE^OvcRFAAdOUD(IE0B>?"H  
H
Q\DE^O0cDSMAD
E]_(^"EIfzJANtNFDGfDGHIHIDGAz_}DGEIBDGAWO_|DAABSLD hKMDcdOUE]R4BD}3 	
}fSTOnBDf <OUSMfzJKL?OURFEo2~;0=3
82<3w_,?EYﬂjSLDGH}Nd?"KTO IE,?"KMKLDk4DR~JDAuGDAWO>WoDSMBD 	 ﬃ
H
*UJKMDAJABH-^fOUKMS4XYDlDx
UJAcdOUDt?"A
BDE KLDGcdOUEIR<BDO>HIR _SLD\BDGE rJKLDGSMOUJANY
ABDE}DEIHOUDGA ﬀhDGEIH]J XYHIH]DE]SLD
O>SMABDGEqBSLD hKMDcdOUE]R4BD\?"ABDGA nDGH]OUHOUSMfzJK?OURFE|?"ANFDGHXYKMRFHIH]DA
_,?E,O4_JEIBDtB?"H ﬀhDE]WSLABJANFH]c?"W
DGKr2<3p5>3:782~;Cp 2 ;
62~5
ﬁﬀ2BDH RFf`RFNFEI?
U YDGA
SFDGEIKLDGN"O KQPRFHISTOUSMRFA  SLA
A
WWZY 4Y MsY W
DGAHIRy_SLD IEqB>?"H
0
O1 
H
Q\DE^OqcRFAAdOUDe?"J XY YSMDE(IE
BSLDk<D,R~JDAuDAfSTOvASMDBE]SLNFDGEh<OUEI?
YKMJANFH]KLDSMH]OIJANVK Q # 
H
hP Od 
H
hP OﬂP#
A
Q McDSMAD
E]_(^"EIfzJANEIDN"SLH]OIEISMDE]On_}DGEIBDGAWOdBSMD,HISCXY SFRFf #X?"JHXYDGAJAdOIDEIH8XYSLDGBWOF_|DBDGE|?A`BDE KLDGc
H
OUE]R4BDyAR XY?fﬀhDEIWSLABJANFHIc?"WoDKQY ﬃ EBSMD4D,R~JDGAuDGA fSTO YRDYDGEz~OUEU?YKLJANFHIKMDSLHOUJAN
K   O k  Mv_,?"EhBSMD hE_ ^EIfzJANz?"A`BDE KLDGc~OIEIR<BDSLf G|DEIDGS4XY SFRFADSMASLNFDGA rDYAdOUDGK Q\EU?B
}DKMHISLJHY ﬂXSLDH0Nd?"KMOnSLANFKLDGS4XYDGE aDSLH]D,HIR _|RDYKJIE0BSMD ,P
H
.XR
UJIpHUJKLD KpHY
A
WWZY Y NMO?"KLH0?"J XY
BSLD

H
.?"A?"KLcRDUJIpHUJKLD K6HGY
A
WWZY 4Y DM[Y
A
A BDE rJKLDGSMOIJANl_JEIBDSMAWoDSLBDA ﬃ%^KLKLDGAacDSMAD
E]_(^"EIfzJANE]DNFSMH]OIEISLDGE]OY
ﬃ^?"KLKMH B?"H ﬀhDE]WSLABJANFH]c?"W
DGKr2<3p5>3:7lBDEﬃ]Ds_}DGSLKLH|HIDGABDABDAﬃ! "# n=ﬁ62 SFDGEIKMDN"O,_JEIBDO
_JEIBDA?"J XY?"f  
H
QDGE-^OhHO ?"E]c"D hE_ ^EIfzJANFDAN"Df`DHIH]DAZY ﬂjSMD E]NFDWASLHIH]DjuGDSLN"DA`DSLAD
H]OU?"EIcD
A
W Y_^"ANFSLNFcDSTO(SFR"AlBDGE(SFDGE]_|DABDGOUDGA G}SMKLBNFDGWJAN"HIHIDR~JDAuJABlBDGE :?"NFD\BDGH ﬀhDE
H
WSLABJANFH]c?"W
DGKLHqE]DK?OUSCSuJEj<DABDGHUJKLD"Y
ﬃ EvBSLD ,P
H
.XRDUJIpH8UJKMD K    M_JEIBDGA`BSLD,HO^"E]c<HOUDGA DfVUoDEU?OUJE]H]OUDGSLNFDGEIJANFDAbK

O
 ◦ PIE
Q # 
H
hP  # JO1 ◦ PIE   Mv?"ABDGE KLDcdOIEIR<BDqNFDf`DH]HIDGAWOF_}DGAA`B>?"H ﬀhDE]WSLABJANFH]c?"W
DGK>HIDGSMO H
KLSCXYDAdOIK?"ANBDEq*UJKMDA~JAdOUDGEIHIDGSMOID
O?J I:BDE|BDE .XRDUJI:BDHqPn?OUSMDAdOUDGAuJf iSLDGNFDAcRFf`fO O
A>?
XY?"JxFDGANFDI YE]Ok_JE]BD KpHY
A
WWrY4Y NM[Y ﬂjSLDaDE]OID IEXBSMDKLSLAc"DJABBSLDEIDXY~OID4DGSMOID
_,?EIDA`B>?"WoDS4A>?
YDGuJ`SLBDGAdOUSLH8XYZY A n?"W
DGKLKMD Y "jHISLAB IEvBSLD ,P
H
.XRDUJIpH8UJKMDqBSLD E]NFDWASLHIH]D

  
	     
		+
0 0.5 1 1.5 2
22.6
22.7
22.8
22.9
23
23.1
23.2
23.3
23.4
23.5
23.6
Zeit / min
Te
m
p 
/ °
C
 
;.;D7

;
∆ 
  ◦ 
∆ 
  ◦ 
A
WWSLKLBJAN Y

'ﬀ.SH3ﬀ0 	!]ﬀ0e ﬁE, ﬀ 	*ID7\B J0/	ﬃ\'  +	% 	:  ' 	:%
+1 @ﬀ6,NC Y4
ﬀ"_:	"EﬀK6!% QRﬃ)5S)
  %  .Ef"<ﬀ8HCﬃ'ﬀ . 
T
	3%7 M5H'ﬁ)TH3 I  
DAdOUKL?"AN DGA~OIK?"AN .kRDUJIpHO OIuD DGA~OIK?"AN
A
AdOUDAAD DAdOIK?"AN
A
A~OIDAAD
4D,R~JDGAu u
H
A
XYHID KpEID,XYdOIHM K6EIDXYdOUHM K6R"W
DGAlf`SMO]OUSLN M
Q # 
H
hP 

O "

O


O 

O1
 
H
hP 

O
0

O1

O 

O
P#
A
Q

O
0

O 

O 

O
 " k

O   JO1 "*O

"*O "

0


O

 JO1 "*O  "*O "
0?W
DGKLKLD Y "

'ﬀ.SH3ﬀ0 		)87
Iﬀ"#
4 ◦ 	 	 	*ID7\B ﬁg]f
IS ﬁR? W	. ?Nﬀﬁ  %
 ﬀ /3. 
T 	3:%Z M\HCﬁ)TH3 	  
SFRFAS<SLDEkJAdOUDGEIH8XYSLDGBKLSCXYDA
A
J IpW>?"J4OUDAluJHI?"f`fDGANFDHOUDGKLKMOY
 DGHIDGA~OIKLSCXYH]O-^"EIcDE]D DfVU
D
H
EU?OIJEU?AH]OISLDN"D?AlBDGE KLDGcdOUEIR<BD\_}?"EIDGAuJSFDE]uDGS4XYADGAWO
_|DAABSLD

H
.?"A>?"KMc"RDUJIpH8UJKMD IE
BSLD G|SLKLBNFDWJAN SFDE_}DGABDsOt_JEIBDJABB>?"H ﬀhDGEIWSMABJAN"HIc?"WoDK:DAdOUKL?"AN`BDEuGJf 4DABDA
NFDA~JOIuGOIDA . FE8U
DGEIHUJKLD S"DEIKMDN"O0_JEIBDY bSLD?"J XY`WoDSMf
0
O  
H
QDGE-^OvuDSMN"OUD}HIS4XY`DSMAD,HO ?"E
H
c"D
A
W Y_^ANFSLN"c"DSTO SFRFf bSLAc"DK SLAaBDE  
H
W
DGAD
OnJAdOUDGEBDGf B?"H ﬀhDGEIWSMABJAN"HIc?"WoDK|?"A
   		$    	 
0
0 0.5 1 1.5 2
22.8
22.9
23
23.1
23.2
23.3
23.4
23.5
23.6
23.7
Zeit / min
Te
m
p 
/ °
C

;
 
; ;D7 
∆ 
  ◦ 
∆ 
  ◦ 
A
WWSLKLBJAN Y1

'ﬀ.SH3ﬀ0 	!]ﬀ0e ﬁE, ﬀ 	*ID7\B J0/	ﬃ\'  +	% 	:  ' 	:%
+1 @ﬀ6,NB Bﬂ
Iﬀ"+ 7e	"gﬀ36!% QRﬃ)5Kﬀ)   %  .Ef"<ﬀ8HCﬃ'ﬀj.G
ZYn, 	_	e%7 M5HCﬁ)ZH3 I  
BDE4DGABDH8UJKMDK?NY	XSMDE\_JE]BDAA~JEeBSMD`WoDSMBDAaEID?"KLSMH]OUSMHXYDGA ﬃ ^"KLKMD SFRFA

◦ JAB 0 

◦
DAdOUH8UEIDXYDAB
A
WWZY Y
0
WuG_Y
PnR"HISMOISLRFA  JAB
A
DAdOIHUE]D,XYDGAB
A
WWrY 4Y `JAdOUDGEIH]J XYdO Y
A
A
BDE hKMDcdOUE]R4BDjuDGSLN"OIDAH]S4XYBSMD Y! XYHOUDA DfVU
DGEU?OIJE-^ABDE]JANFDGA SFRFA]I6?"HO "

◦  W
DGSrBDGE
 
H
4DR~JDAuJAB I6?H]O  ◦  WoDSrBDE<Q #  H hP |4D,R~JDGAueSLf 0 

◦ H
A
J*IpW>?"JZY ﬃ E,BSMDHIDGA ﬃo?KLK
SLHOvBDGE nDGfdUoDEI?OUJE8SFDGEIKL?"J Io?"AzBDE KLDGcdOUEIR<BD|SLA
A
WWZY 4Y
 
B?"EINFDGH]OIDKLKTO Y f G}DE]DS4XYBDE rJ
H
KLDGSMOUJAN O BDGE0SLADSMADAPn?OUSMDAdOUDGAzSLfVUKL?"AdOUSLDGE]Oi_(^"EIDO_JEIBDGAc"DSMAD DfVUoDEU?OUJE^"ABDGEIJAN"DA
NFDf`DH]HIDGAZYn?"W
DGKLKMD Y  uDGSLN"O\BSLDzf?4SLf?"KLDGADfVUoDEU?OUJE^"ABDGEIJAN"DA?"AwBDGEhKMDcdOUE]R4BD
IEqH-^fOUKMS4XYDe4DR~JDAuGDAJABlBSLD\BE]DS
A
J*IpW>?"JOIDAZY
W
DGAHIR_SLDz?"f
0
O  
H
QDGE-^OXOUEI?O\DSMA DfVU
DGEU?OIJEU?"AH]OUSMDNSMAH]OU?"AdO ?"AWO
SLAADEY?"KLW_|DASLNFDGE
4Dc~JABDA DSMAWO:Jf A>?
XY EIE]DSCXYDABDH ? SMf?KM_|DE]OIDH IEBSLD rDSMOIB>?"JDGEBDE?"cdOISCSFDGA
G}SLKMBNFDGWJANy?"J*IvDSMADf PK?OID ?"JuJ SFDGEIWKMDSMW
DGAPKpHY
A
WWZY Y
 
MsY
ﬃ E ﬃ]DGBDA
A
J IpW>?"J uDGSLN"OIDA BSMD4D,R~JDGAuDGAf`SMOBDE Y *XYHOUDGA <OIEU?
YKLJAN"HIKLDGSLHOUJAN?"J XY
BDA Y! XYH]OIDA nDGfdUoDEI?OUJEI?"AHOUSLDGNY
A
WNFDH]D,YDGA S"RFA . YK4UE]RFuDGHIHIDGAWoDS YRDYDA DfVU
D
H
EU?OIJEIDGAc"R"AAdOUDDSMAKMSLAD?"EIDGE rJHI?"f`fDGA Y>?"ANuG_SMHXYDGA DfVUoDEU?OUJEXJAB{<OIEU?
YKLJAN"HIKLDGS
H
H]OIJAN{W
DGRFW>?
XYdOIDGOy_}DGEIBDGA

A
WWrY Y

uDSMN"OBDGA rJHU?"f`fDGA Y>?"ANuG_SMHXYDGAf?4SLf?"KLDGf
 "   
	     
		+
0 0.5 1 1.5 2
22.5
23
23.5
24
24.5
25
25.5
26
26.5
Zeit / min
Te
m
p 
/ °
C

;
 
;.;D7 
∆ 
  ◦

∆ 
   ◦ 
A
WWSLKLBJAN Y 

'ﬀ.SH3ﬀ0 	!]ﬀ0e ﬁE, ﬀ 	*ID7\B J0/	ﬃ\'  +	% 	:  ' 	:%
+1 @ﬀ6,NE ﬀ ﬂ
0"+ 7e	"9 	3%7 M5H'ﬁ)TH3 I
 
Wﬀ' @ﬀ 5bQRﬃ') )  %
'f. f"?8HCﬃ 
4DR~JDAu DAdOIK?"ANyu
H
A
XYH]D
0


◦
H
A
J*IpW>?"J

◦
H
A
J*IpW>?"J
Q # 
H
 P 

O
0
 O


O 
 
H
 P 

O "  JO


O1
P#
A
Q 

O
0
 JO 

O1
 " k 

O  "

 JO  

0
 

O

0

O

 JO
0?W
DGKLKLD Y  

;
4.#,  .AH*ﬀ 	)!7
Iﬀ"E
4 ◦ 	 	  	*ID7\B(ﬁ(  H3)
T7
I,%

ﬀ! B"#7e	">6!% QRﬃ)5bN ﬁ ◦ %V 	'm,n ﬁ ◦ % g ﬁR >	. ?Nﬀﬁ  %  /B2.G
Z:n, 	_	e%7 M5HCﬁ)ZH3 I  
nDGfdUoDEI?OUJEU?"AHOUSMDNl?"f ﬀhDE]WSLABJANFH]c?"W
DGK KQ?"Jx"DEY?"KLWBDHP Y>?"AdOUR"fH-MJAB BDGEz<OIEU?
Y
H
KLJANFHIKMDSLHOUJANBDGE IAJI S"DEIH8XYSLDGBDADA <D,R~JDAuDA IE IAJIkJAdOUDGEIHXYSLDBKLS4XYDPnRFH]SMOISLRFADGA
BDH ﬀhDGEIWSMABJAN"HIc?"WoDKLHSMAyBDE 
H
W
DGADk?"f
0
O1 
H
QDGE-^OY ﬂt?"H .?"WoDKKMSLDGN"O ﬃ]DG_|DSMKLHh?"AyBDGE
. FE8U
DGEIH8UJKLD?AZY
   k        ﬃ     
0 0.5 1 1.5 2 2.5 3
20
25
30
35
40
45
Zeit / min
Te
m
p 
/ °
C

;
 
; ;D7 
∆ 
  ◦ 
∆ 
   ◦ 
A
WWSLKLBJAN Y
 ﬃ
'ﬀ.SH3ﬀ0 	!]ﬀ0e ﬁE, ﬀ 	*ID7\B J0/	ﬃ\'  +	% 	:  ' 	:%
+1 @ﬀ6,N> Aﬀ 4
0"+7e	"aﬀ  TH3)TH3 Iiﬀ)   % 'f. f"?8HCﬃa. 
Tn, 	_	e%
 M5H'ﬁ)TH3 I
 
m,n ﬁ ◦ % S ﬁR?   
 		

 
nDGfdUoDEI?OUJEIDA SFRFAW
DGE

◦ ?"AzBDGE KLDGc~OIEIR<BD}WuG_YBDE]DArJKMDSMOIJAN$I YE]DAzuGJzSLE]EIDS"DE H
HISMWKLDGE .kRd?"NFJK?OISLRFA S"RFA ?"AN"EIDAuDABDf 	XSMEIA
H
Wus_Y ﬁkA~OIDE8Y>?"JOINFDG_|DWoD"Y ﬂjSLD lDH]HIJANFDA
Y>?"WoDA N"DuDGSLN"O,O|B?"xBSMDHIDGE!aDEO O SLA
A
W Y_^"AN"SLNFcDSMOVSFR"f ﬀhDGEIH]J XYHU?J IpW>?"J JAB`G|SLKLBNFD
H
WJAN"HIHIDR~JDAuO,?"A WoDSLBDA #
H
nRFf`RFNFEI?
U YDGAW
DGEIH8XYEISTOIOUDGAC_|DE]BDA c?"AAZY rJaG|DNFSMAA
BDE G}SMKLBN"DWJANHIDGOIuGOID`BDEnDGfdUoDEI?OUJEU?"AHOUSMDNHUoRFAdO ?AaDGSLA{JABDE]EIDSCXYdOUDyA>?
XY X ?YrDS
H
ADElSMA<J4OUDeDSLADA l?4SLf?"KM_|DEO Y
A
WNFDH]D,YDGA SFRFA$. YK4UEIRFuGDHIH]DABJEXYlBSLDeJf`NFDWoDABD
&j? }K
H
iHIN{_JE]BDBSMDH]DE ?4SLf?"KM_|DEOyNFD,Y?"KMOIDAWOhHIR"K?"AN"DBSLD!$#
H
4D,R~JDGAu?c~OISCS _}?"EY
ﬂjSLDGHqW
DGBDJ4OUDGODGSLAQ\DI ^
YEIBJANFHUoR"OUDGAdOUS?K IEqPn?OUSMDAdOUDGAWO_|DAABDGE I6?"KLH8XYD
A
J*IpW>?"JWus_Y
BSLDTI6?KLHXYD<D,R~JDAuNFDs_ ^YKMO_|DEIBDAZY
ﬂjSLDASMDBE]SLNFHOUDAnDGfdUoDEI?OUJEIH]OIDSMNFDE]JANFDGA_JEIBDA ﬃ]Ds_}DGSLKLH`DE]EIDGS4XYdO Oh_}DGAA B>?"H ﬀhDE]WSLA
H
BJAN"HIc?"WoDK}DGAdOUK?ANBDGEy<ff`DGOIEISMD ?
XYH]DBDGH $#
H
RFf`RFNFEU?U YDA OnSMA f FNFKLSCXYH]ONFE]RFxFDE
 A~O8IpDE]A<JANdS"RFABDGA ﬃ]Ds_}DGSLKMHkH]DABDABDGA 	 ﬃ
H
*UJKLDA O UK?uSLDGE]Oq_JE]BD"Y ABSLDGHIDGf ﬃ^?"KLK
W
D
H
    
	     
		+
0 20 40 60 80 100 120
0
10
20
30
40
50
60
RF−Leistung / W
T 
/ °
C
 
 

8 ◦
 ◦
, ◦
 ◦
8 ◦
∆
A
WWSLKLBJAN Y
ﬃ
 3 	)	. . ﬀﬃ+	B"h6	J*
ﬂ)5QRﬃ.h B
ﬂ.h	ﬀ.  .AH*ﬀ 	)!7
Iﬀ"#	. ^C!	
ﬂ_%
 "?)0D	2 Bﬀ0ﬃ+	TEﬀ) *ﬃ+	-.G)S ';C7ﬀ	ﬃT 	"<)0I
4)!0 	" ﬀﬁﬁO]ﬀ0)5QRﬃ
8\%
' +G1 `6 ,. m,NCB % U/    (	) ^C!	
ﬂ'+ "<)Dﬀ*ﬂ
0"+K<
ﬂ5ﬀD , MF=2% H3 	  
 

46,ﬀﬂ'ﬀj ?5ﬀ
ﬂﬃ'ﬀE Wﬀ0)\QRﬃ'
I>)0
IQRﬃS
4 ﬀ3:f)0
T
jﬀ)3 ﬂ)U
ﬂjﬀ % 	&ﬀ'
 
)   j     4m   
E
 b"<
 ﬁ	k	F
OUE]JNBDGE DfVU
DGEU?OIJEU?"AH]OUSMDNJA>?"W Y ^"ANFSMN SFRFA QDGE-^O,OZ*UJKLDJAB4DR<JDAuASMDf`D,YEX?"KMH
0 ◦  O_}?"H IEBSLDPn?OUSMDAdOUDGA?KLHqJAN"DI ^
YE]KLSCXYW
Ds_}DGE]OUDsOX_|DE]BDAc?AAZY
ﬂjSLD nDGfdUoDEI?OUJE_}DGE]OID?ABDE  KLDGc~OIEIR<BDAHUSTOUuD\JABS4YE]DE rJKMDSTOUJANuDSMN"OUDGADSLAD\KLSLAD ?
H
EID
A
W Y_^"ANFSLNFcDSTO SFR"A`BDE <OIEU?
YKMJANFH]KLDGSLH]OIJANtBDE S"DE]_|DABDGOIDA G}SMKLBN"DWJANFHIH]D,R~JDAu"Y ﬂjSMD
Y! XYH]OIDA DfVU
DGEU?OIJEIHOUDGSLNFDGEIJAN"DA_JE]BDA ﬃ]Ds_}DGSLKMH<IEkBSMD 
0
 
H
4D,R~JDGAuJABBSLD  "
k 
H
4DR~JDAu}NFDf`DH]HIDArY ﬂjSMDHID WoDSLBDAy4DR~JDAuGDAz_JE]BDAN"DEU?BD _|DN"DAS4YEIDE:WoDH]RFABDGEIH
YRDYDGA~OUEU?YKLJANFHIKMDSLHOUJAN\SLAH"lDGxDUEIROURFcRFKLK>?J IpNFDARFff`DAyJABc^"f`DAyWoDS>DSMADE I	$# 
H
ﬁXAdOUDGEIH]J XY~JANeAS4XYdOuGJf  SMAHU?OIu"YﬂjSLD DfVUoDEU?OUJE]H]OUDGSLNFDGEIJANFDA >DGKLDGA IE0BSMD$Q # 
H
hP 
4D,R~JDGAu
OrBDE Q\EIJABK?NFDBDGE IpJAcdOISLRFADGKLKMDA #
H
G}SLKMBNFDWJAN Oo?"J IpN"EIJABBDEtASLDBEISLN"DEIDGA
<OUEI?
YKMJANFH]KLDSMH]OIJANBDGJOUKMS4XYNFDE]SLAN"DE?"JHGY
ﬂjSLD\HO^"E]c~H]OUDGA DfVU
DGEU?OIJEIHOUDSMNFDE]JANFDGA_JEIBDGAJA>?W Y_^"AN"SLN SFRFA4D,R~JDGAu
O RFfR"NFEU?
UJY
JAB{ UJKLDNFDf`DH]HIDA O
_|DAA{B>?"H ﬀhDEIWSLABJANFHIc?"WoDKnDAdOUKL?"ANBDE ﬃ]Ds_}DGSLKLHXHIDGABDABDA 	 ﬃ
H
*UJKMD U
R"HISMOISLRFASLDEO}_JE]BD"Yo<Ry_JEIBDeHUoDuGSLDKMKrWoDSiDGSLADGEPnRFH]SMOUSMRFASMDEIJANDAdOUKL?"ANyBDGE. FE
H
   k        ﬃ    
U
DGEIH8UJKLDOdHIR _|RDYK^?"f
0
O  
H
?"KLHh?"J XY?f  JO


H
Q\DE^O O  DGE]OUDk?"AyBDGE hKMDcdOUE]R4BDqNFDf`DH]HIDA O
BSLDv_|DSTO W
DGEiBDf G|DEIDGS4XYeK?"N"DAWOGBDE?"KMHiJA~W
DGBDAc~KMS4XY IE:BDAP0?OISLDGA~OIDAeDSMANFDHOUJ I O:_|DE
H
BDAc?"AA OHIDGKLWHO IEqBSLD\4D,R~JDGAuDGAfSTO}ASLDBEISLN"DE 	 ﬃ
H
<OIEU?
YKLJAN"HIKLDGSLHOUJANY ﬂjSMDHqHOUSLf`fO
?"J XYfSTOqBDGA  EIN"DWASMHIH]DABDEX*U>?"AA<JANFHIf`DH]HIJAN K .?
UZY%4Y  DM W
DGEIDGSLAZY
ﬂjSLDGHID
A
W Y_^"ANFSLNFcDSTO(SFR"ABDE<OIEU?
YKLJAN"HIKLDGSLHOUJANuDGSLN"OIDtHISCXY?"J XY?"fﬁ 
H
Q\DE^O(IE}WoDS
H
BDASFDGE]_|DABDsOUDGA  UJKLDGAZY G}DSnPnR"HISMOISLRFASLDE]JANyDAdOIK?"AN`BDGE ﬃ]Ds_}DGSLKLHkHIDGABDGABDA 	 ﬃ
H
 UJKLD
_}DGSLHOvBSMD ,P
H
.kRDUJIpHUJKLDTK 4DGABD
H
 fdUJI6?ANFHIH8UJKMD@MO"?"J IpNFE]JABS4YE]DEn_|DH]DAdOUKMS4XYASMDBE]SLNFDGEIDGA
iDSLHOUJANFH]_|DEOUD
OF?"J XYNFDGEISLANFDE]D DfVU
DGEU?OIJEIHOUDSMNFDE]JANFDGAy?"J Io?"KMH0BSMD  .?"A?"K
H
.XRDUJIpH8UJKMD
O
BSLD?KLHqEIDGSLAD fVUJI6?"AN"HIHUJKLDBSMD . FE8U
DGEIHUJKLDuJf 4DABDAlA<J4OUuGOY
G}DSkPRFHISTOUSLR"ASLDGEIJAN{BDGH.?"WoDKMHyDAdOUKL?"ANBDE . FE8U
DGEIH8UJKLDJAB ﬀ ?"EISL?OUSMRFA BDGEPRFHISTOUSLR"A
SLA BDGE  
H
hWoDADluGDSLNOUDA H]S4XY H]O ?EIcJAdOIDEIH8XYSLDGBKLSCXYD  DGE]OID KpHY
A
WWZY Y  M[Y ﬂjSLDGHyc?AA
?"J IjDSLADlSMA YRFf`RFNFDGAD ﬀhDE]OIDSMKLJAN{BDGEDGKLDcdOIEISLH8XYDA .XRFfVUoRFADAdOIDlBDGE 	 ﬃ
H
<OIEU?
YKLJAN{SMA
BDE+& ^
YDeBDEX4DGABD ?A~OIDAADAwuJE  X c~NFDI YE]OX_}DGEIBDGAZY XWoDEBSLD ﬀhDGE]OIDSLKMJANyBDGE
E H
ﬃ>DGKLB
H
.XRFfVUoRFADAdOIDt_,?"E S"RFf 	XDGEIH]OIDKMKLDEqcDSMADAJIpRFEIf?OISLRFAuGJlDGEY>?KMOUDGAZY
f ﬀhDE]NFKLDGS4XY\us_SLHXYDA
0
O  
H
JAB  JO


H
Q\DE-^O:uDSMN"OiKMDGOUusOUDGEIDH:B>?H Y DYDE]D QDI ^
YEIBJANFH8U
R
H
OUDGA~OIS?"K O _,?"Hf`SMOBDGEvJf9BDA ﬃ^?"cdOIRFE "jNFDGEISMANFDE]DA aDKMKLDGAK ^"ANFD|BDE 	 ﬃ
H
<OIEU?
YKLJANXDE]c<K4^"E]O
_}DGEIBDGAwc?"AAZY ﬃ EkBSLDec EIuGDE]D  DGKLKMDAK4^"ANFDSLHOjBSLD #kDGHIRFA>?AuWoDBSMANFJAN?"JHTQKMDS4XY~JAN
K 4Y  NMk?"J XY IEjc E]uDGEID ﬀhDE]WSLABJANFH]c?W
DGK0DE IKLKTO Y
A
J*I|BDf  JO


H
RFfR"NFEU?
UJYDAH]RFKLKTOUDGA
P0?OISLDGA~OIDAf`SMO 	XSLE]AH]OISLfzJK?OIRFEIDGABDGHY>?"KMW O4_|DAA WoDE8Y>?"J U4O OA~JEqf`SMO|BDE ,P
H
.XRDUJIpH8UJKMD
JAdOUDGEIHIJ XY~OX_}DGEIBDGAZY
  	
  

   
 	


   	ﬀﬂﬁ	ﬃ 
bSLDSLA.?
USTOUDK `NFDuGDSMN"OX_JEIBDO
WoDHOUD,YdO IEjPn?OUSMDAdOUDGAWoDS $#
H
ﬁXAdOIDEIH]J XY~JANFDGAw_ ^
Y
H
EIDGAB ?c~OISCS"DEqSLDIpDA YSMEIAADJE]RFH]OISLfzJKL?OUSMRFABSMDVQDI6?
YE\DGEIAHOUDE*XY_^BSLNFJANFDA SFR"A 	XSMEIA
H
NFDG_|DWoDBJE8XYDSMADA HO ?"E]c"DAnDGfdUoDEI?OUJEU?"AdOUSMDN?"A BDGE`SMfdUK?"AdOUSMDEOUDA hKMDcdOUE]R4BD"Y ﬂjSMD
lDH]HIJANFDA`fSTO W
DGEIRDUOISLH8XYDA  YDGEIf`RFfDsOUDGEIAc "AADAyus_,?"EBSLD Q\DI6?YEIDGAy?"J IoW
DGH]OISLf`f
H
OUD ﬀhDGEIH]J XYHU?ARFEIBA<JANFDAlDSMANFEIDGAuDGAJAB YDK IpDAWO H]S4XYDGEID  ﬁXAdOUDGEIH]J XY~JANFHI?"ARFE]BA~JANFDGA
JAB
H
WoDBSMANFJAN"DAuGJ >ABDAWO
HISLDeDE]K?"JW
DGA ﬃ]DBR*XYAS4XYdOtBSMDSMABS S4SMBJDGKLKLD kW
DGE]_}?
XY~JAN
DSMAuDGKLADGEPn?OUSMDAdOUDGAWOhB>? BSMD<RFABDlAS4XYdOSLAB?"HdUoR"OIDAdOUSMDKLKqWoDGOIEIR	 
DAD Q\DG_|DWoDDSMANFD
H
WEU?XY~O_|DE]BDAlc?AAZY
ﬃ EiBSMDAS4XYdOSLANS?"H]SCSFD DfVUoDEU?OUJE W
DGE]_}?
XY~JANXWSLDsOUDGOH]S4XYeH]O ?OIO:BDGHIHIDGABSMD $# DfVU
D
H
EU?OIJEIWSLKLBNFDWJANe?"AZY44SLDkWoDEIJ Y~O,?"J IiDGSLADGf BDE SLA.?
USMOIDK "4Y N"DA>?"AA~OIDA D,XY>?"ASLHIf`DArY
f #X?YfDGABSMDH]DE
A
EIWoDSTO_JEIBD,N"D,UE JI O O RFWzBSLD $# nDGfdUoDEI?OUJE]WSLKMBNFDGWJAN O W?"HISMDEIDGAB
?"J I BDGEPE]R"OURFADAE]DHIR"A>?"AuIpEID,R~JDGAuS"DE]HXYSMDWJAN OvNFDGDSLN"ADGOSMH]O O
DS"DAdOUJDGKLKMD DfVUoDEU?OUJE
H
H]OIDSLN"DEIJANFDA ?ABDEhKMDcdOUE]R4BDEIDXY~OIuDGSMOUSMNJAB uGJ SFDGEIK ^HIHISMNuJ BDGOUDGcdOUSLDGEIDGA JAB HIRFf`SMO
BDAlP0?OUSLDGAdOUDASLABSCS<SLBJDKMK
uGJ WoDE_,?
XYDAZY


     
	    
  X$	 F    	   
	
ﬁﬀﬃﬂ ﬂ"!$#%&('*)&ﬀ+!
S t i m u l a t o r
T e m p . s e n s o r e n
G E L
1 8  c m
E l e k t r o d e
-,.
(/01ﬂ2ﬀ34'56!7/01ﬂ"8$ 09:ﬁ
A
WWSLKLBJAN
 
Y
0

^C)! @QRﬃ)ﬀ ﬁR?B ﬁ&`
 'ﬀ.SH3ﬀ0 !	
ﬂI<" "<;  
ﬂT	
ﬂI>="?A@M6,ﬀ
4"+*
ﬂ
 	:% S ﬁ+	ﬃ.EVﬀ):ﬃ_	W. )5N'ﬀ
ﬂ-,
ﬂB=CD@ j)\QRﬃ'.h7
4)5QRﬃ'ﬀ S ﬁR?    
	:ID7\B

ﬂ)83]E`\
  .AH*ﬀ 0)\)\5ﬀ; .>"ﬀ  	*
ﬂ'ﬀ*
ﬂ)8U`
ﬂ\D . 
TC*% 
ﬂ> (T	D  D 2J:ﬀ

+)5\ ﬂ
Iﬀ"ﬀh
ﬂ 
4'. j	)8T	 ]Q\ 
 
. . ]f 	*ID7\B    ﬀ(]f
ﬀ!W+)5\N
  Bﬃ+	-Gﬀ)&:ﬃ_	W. )H*)
T

I8 
ﬂ)8WN <
:	4)K M54
E
 b"?
 ﬁ	kBF  



	  FE  HG    E ﬃ IE
JjSLD`~OUSLfJK?OISLRFAHIDKMDcdOUE]R4BD
O^BSLD IE\BSLD  *UoDEISMfDGAdOUDWoDA~JOUusO_JEIBDOiSLHO\BSLDHIDKMW
DOZBSMD
W
DGEIDGSMOUHSLA .?
USTOUDGK 4Y6KS"RFEINFDGH]OIDKLKTOz_JE]BD"Yh<SLD_JEIBDSMADSMADf P Y>?"AdOURFf UK?uSLDGE]O,OnB>?H
?"AH8XYKLSMDxFDGABf`SMO
A
Nd?"EIR"HID
H
QDGK K
0
O1

A
NF?"EhSLA

O 

SMNFDE &X? }K
H
:H]NY>Mh?JHINFDGNFRFH]HIDA_JEIBDY
L EzBSLD/#DIpDE]DAuGfDGHIH]JANBDE DfVU
DGEU?OIJEzBSMDAdOUDB>?"HDGW
DGAJI6?"KMKLHzWoDE]DSMOIHzWoDHXYEISLDGW
DGAD
>WoDEIR
UOUSMHXYD  YDEIf`RFf`DGOIDE K .?
UZY Y6KDMsYMJjE]DS}4DAH]RFEIDGA BDH YDE]fRFf`DGOIDE]H_JE]BDA SMA
BDE ﬁXf`NFDGWJANaBDEhKMDcdOUE]R4BDbUoRFHISTOUSMRFASLDGE]O,O0BDGEdS<SLDGE]OUDOhBDE?"JxFDGEY>?"KMWCBDHP Y>?A~OIRFf`H
U
R"HISMOISLRFASLDEO0_JE]BD
O~BSMDAdOUDk?"KMH.XRFAdOIEIRFKMKLD"YNhRFAyBDABEIDGSo4DAH]RFEIDGASMfŁP Y>?"AdOUR"fŁ_,?"EhDGSLADGE
SLf BSLE]DcdOUDGA.kRFAdO ?"cdO fSTOhPnR"K%KJABus_}DGSoSMAyBDE ﬁXf`NFDGWJANeBDE  KLDGcdOUEIR<BDqSMA`DGSLADGf
A
W
H
H]OU?"AB SFR"A X ?YPOf`f KpHY
A
WWZY$O4Y
0
MsYJjSLD KLDcdOIEIR<BD_}?"E WoDEjDSLA
0 0
f K?"ANFDH.e?W
DGKnf`SMO
BDf &XDGJEIRFHOUSMfzJK?OURFE<SFDE]WJABDAZYQJt?"H .?"WoDK_JEIBD`DGAdOUK?ANBDE	RL
H
. FEUoDE]HUJKLDzBDGH
$# RFfR"NFEU?
UJYDA SFDGEIKMDN"O,OvJf DGSLADGADfVU
DGEU?OIJEU?AH]OISLDNw_(^
YE]DABCBDE$#
H
lDGHIH]JAN
HISCXYDE]uJHOUDKMKLDGAPKpHY .?
UZY DMsY
JjSLD  *UoDEISMfDGAdOUDz_JE]BDA ?"A{DSLADf l?"NFADsOURFfSNtSLH]SLRFA
0
OUT 
H
Qe?AucﬂFEUoDEOURFf`RFNFEI?
U YDGA
    	
    		 
  $ 
K 4SMDf`DAHO  EIK?ANFDA_M}BJEXYNFDI YE]O Y
A
KMH 	 L
H
*UJKMD\_JEIBDeDSMAD >D4SMWKLDHL>DKMBHUJKLD\DSMANFD
H
HIDsOUuGOJAB{Jf B>?HP Y?"AdOURFfgN"DG_S4X cDKTO Y.JjSMDH]D L^DGKLBH8UJKMDzSLHO\DSMADEIDGSLAD  fVUJI6?"ANFH]HUJKLD
uJfm4DABDABDE 	 L
H
PJKLH]Dt_JEIBDeBSMD FE8U
DGEIHUJKLDTS"DE]_|DABDGOY
JjSLDP Y>?"H]DA~WSLKMBDEO0BSMDVIEBSMD G}DGEIDXYA~JAN{BDEnDGfdUoDEI?OUJE^"ABDGEIJANFDAWoDA "OUSMN"O_|DE
H
BDA K6HGY?
UrY<K<Y NMOF_JEIBDAf`SMOhDGSLADGE L 
A
	 <D,R~JDAu\?"J IpNFDGARFf`fDGAZY JjSMD G|SLKLBNFDWJANFH
H
U>?"EI?"fDsOUDGE K
TR 
K   f`H,O
TE 
TfHOAL0KLSCU~_SMAc"DGK
ﬀ

◦ OAL>R1N

K
ﬀ
 × K
ﬀ

f`f 2 O l?OUE]Sﬂﬁ

K(T  2 M
_JEIBDA HIRRDUOUSMfSMDEO OiB>?"xf?"A W
DGS}?"c~uGD,UOU?"WKLDGE rDSTO ?"J  FHIJAN Kﬃ"H UE]R G}SLKMBcMtDSMADRDU
H
OUSMf?"KMD \tE]OIHU?"J!FHIJAN K

O ﬃ ×  O ﬃ"f`f 2 MDGEIEIDGS4XYdO ORDYADB>?xBSMD G}SMKLBDGE\BJE8XYuJN"DEISMANFDGH
4SLN"A>?"K"!$#X?"JHXY
H
NhDEY ^"KMOIASLHiWoDDGSLAdOUE^
XYdOUSLNO0_|DEIBDAZY ﬁkf@DSLAD}f FNFKLSCXYH]OnNFDGEISLANFD rDGSMOIB>?"JDGE
uG_SMHXYDGABDADGSLAuGDKLADA
A
J IpA>?
YfDGAzuJ Y>?W
DGAWO_JEIBDﬃ]Ds_}DGSLKMHnA~JEvBSLD}*XYS4XYdOh?J IpNFDARFf
H
fDGAWOSLAzBDGEvBSMD  KLDcdOIEIR<BD,K?NY Jt?"H#DIpDE]DAuU Y>?"H]DA~WSMKLBWOB>?"HA>?
XY DfVUoDEU?OUJE]DEY DY~JAN
JAB ?"AHXYKLSLDGxFDABDE
A
Wc  YKLJAN?"J IpNFDGARFf`fDGA_JEIBDO:_JEIBD?"JHeuD,YA  SLAuGDK?J IpA>?
Y
H
fDGA NFDGfSTOIOIDKMO,OZJf B>?"HH]OU?OUSMH]OUSMHXYD%#k?"JHXYDA_|DSMOIDEuJJAdOIDEIBE  X cDAZY NhRFEeBDGE G}SMKLB
H
NFDWJAN_JE]BDwDSMA ?"JOIRFf?OUSLH8XYDEJAB DGSLA f?"A~JDKMKLDE*YSMf BJEXYNFDI YE]O O}Jf KMRFc?"KLD
?"NFADGOIpDGKLBSMA YRFf`RFNFDGASMO-^OUDGABJE8XYlB?"H lDGOU?"KLKZBDE  KLDcdOIEIR<BDe?"JHIuGJNFKMDS4XYDAZY
JjSLD KMDcdOUE]R4BDeJABf`SMOqSCYEB>?"HJf`NFDWoDABD Q\DKr_JEIBDBJEXYlDSMAD

H
 
H
4D,R~JDGAuf`SMO
W
DGHIRFABDE]H(YRDYDE}<OUEI?
YKLJANFHIKMDSMH]OUJANuD,YA lSLA~JOIDAK?"AN?"J IpN"D,YDGSLuGOYABSMDH]DE rDSMO HOUSLDGN
BSLD DfVU
DGEU?OIJE?"A BDGE KMDcdOUE]R4BD SFR"A K  O ﬃ ◦ Ł?J I 

◦  JAB SLAS4YE]DEﬁXf`NFDWJANbS"RFA
K(T*O6O ◦  ?"J I K*O6K ◦  KpEID,XYdOIDt4DGSMOID@MnWus_YAK(T*O6K ◦  ?"J I K*O ﬃ ◦  KpKLSLAc"D4DGSMOID@MsY(JjSLE]DcdOhA>?
XY
A
W
H
HXYKMJxtBDGEh 
H
<D,R~JDAu,_JEIBDGA S4SMDE0P Y?"HIDGA<WSLKLBDE?"J*IpNFDAR"ff`DAWO
ﬃ]Ds_}DGSLKLH

H,O&ﬃ"H,O

 
HnJAB
K(OH,A?
XYBDE  E_ ^"E]fzJANY

T lSMA~JOUDGAA>?
XYBDf  ABD\BDGE 
H
4DR~JDAuO^?"KLH|B>?"HP Y>?"A
H
OURFf _SMDBDGE?"WNFDc  YKTO_}?"E,Oh_JE]BDB>?"H'#kDIpDE]DAu
H
P Y>?"H]DA~WSLKMB ?"J IpN"DARFf`f`DA KpHY
A
WWrY
O4Y6KDMsY
A
JH BDAP Y?"HIDGABS  
DE]DAuGWSLKMBDE]A_JE]BDAfSTO 	XSMKCIpDqDSMADHhWoDE]DSMOIH|WoDHOUDYDABDAPEIR
H
NFEU?ff`H ?"JH}BDf L>RFEIH8XY<JANFHIH8XYd_}DGEUJAc~O  K(#k?"BSLR"KLRFNFSMHXYDﬃJjSL?"NFAR"H]OUSMczJAB  YDEU?USLD M
BDH JjDGJOUH8XYDA)E]DWH IpRFEIH8XY~JANFH]uDAdOIEIJf`HSLA 	kDSLBDKLWoDE]N  #k?"BDGf?c"DE

K

DfVUoDEU?OUJE
H
BS  
DE]DAuGWSLKMBDE}W
DGEID,XYADGOYPJt?HXPE]SLAuGS4UBDGE G|DEIDXYA~JANSMH]OSMA*?
USMOUDGKFK4Y DEIc~K4^"E]OY


,+    E.-
 	.E
A
WWSLKLBJAN O4Y
ﬀ
uDGSLN"OBSLDZI6?"EIWcR4BSLDEOUD DfVUoDEU?OUJE]BS0/
DE]DAuGc?E]OUD BDHP Y>?"AdOUR"fHGY\4SMD
_JEIBDWoDE]D,XYADGO?"J IXBDEdQ\EIJABK?"N"DBDH JjSﬂ/rDGEIDGAuWSMKLBDGHy?"JHBDGEyP Y>?"HIDGAc?"E]OIDlBSLEIDGcdO
A>?
XYaG}DDGABSLN"JAN BDH
A
J I:YDGSLu,UJY>?"HIDlJABCBDE'#kDIpDEIDGAu,UJY>?"HIDGAc?"E]OIDA>?
XY
A
Wc  YKLJANY
    * $   

 ﬃ&ﬃ
A
WWSLKLBJAN O4Y6Kd*ﬃ+	)5ﬀ5ﬀﬁZ\6?	
ﬂINU". 
TWZ _6,ﬀﬃ *ﬃ+	)\'	
4ﬀ   g ﬁ_	ﬃ.E#mB
 
ﬂ - +`QRﬃ  &8ﬀ'`
["+ "  S ﬁﬃ'
46ﬀHCﬃ_	)5
E
 b"<
	kBF  
A
WWSMKLBJAN O4Y
ﬀ
_=	f	D`B<
8W.AH*ﬀ 5<
Y5ﬀ68D		8WMﬀ) *ﬃ+,'-. )
E
8R"<
		k@F  
JjSLD \tE]OUHI?"J "HIJAN EIDSCXYdO?"JHO|Jf BSMD~OUEIJc~OIJEBDGE  KLDGcdOUEIR<BDlNFEIRFW?"J IpuGJK FH]DAZY JjSMD
nDGfdUoDEI?OUJE?"AaBDE  KLDGc~OIEIR<BDAHUSTOUuDfSTOBDAZS4SMDEefDsO ?"KMKLSMHXYDGA kRFAdO ?"cdOIDASMH]O Y!DYDGE
?"KLH ?"f NhDGEIWSMABJANFHIc?"WoDK OdB>?"H BJEXYDSLADXPRFK <JE]DGOY>?"A~Jf`f?"AdOIDKLJANeOYDE]fSMHXYH]O^EIc"DGE
SLH]RFKLSMDE]OjSLHO YFJjSMD JjSLH8U
DGEIHISMRFABDE\O-YDEIf`SLH8XYDA  ADE]NFSLD S"RFAaBDE  KLDcdOIEIR<BDySLA{B>?"HJf`NFD
H
W
DGABDdQ\DKvSMH]O\BDGJOUKMS4XY{uJ{DGEIc"DGAADGAZY
A
JxFDGEY>?KLW{BDHeP Y>?"AdOIRFfHOr_|RH]S4XYa?"J IpNFE]JAB{BDGE
AS4XYdO$SFR"EY>?"ABDADGA  #
H
4SMNFA>?"KMD\DSMADH]O ?OUSLHOUSMHXYDeP Y>?"H]DANSFDGE]OUDGSLKMJANDGEINFSMWO O>SMH]OX?"J XYBSMD
nDGfdUoDEI?OUJE\H]O ?OUSLHOUSMHXY SFDGE]OUDGSLKTO Y.JjSMDW
DGEIDXYADGOIDA
aDEOUD IE\BSMD nDGfdUoDEI?OUJE-^"ABDEIJAN
H]OISLf`fDGAf`SMOnBDA
 DGE]OUDGAWO"BSLD}BJEXYB>?H >WoDEIR
UOUSMHXYD  YDE]fRFf`DGOIDEnW
DGH]OUSMffOn_JE]BDA O
  
  	
    		 
$ 
A
WWSLKLBJAN O4Y   Uﬀ
T-TJ*
QRD`T 	"ﬀ)!-  !)j,D 	ﬃT B"   
'.AH3B0 \`
Y\68%
D		!- JK 5B )8fJ*
ﬂ4)
4'. *ﬃ+,)5'	
4G"fJ* 
SLABDGE ﬁXf`NFDWJANBDE  KLDcdOIEIR<BDHID,YEkN"JO W
DGEIDGSLAZYJXSLEIDGcdOj?AlBDGE hKMDcdOUE]R4BDt_JEIBDeBSMD
nDGfdUoDEI?OUJEIH]OIDSMNFDE]JANyBJE8XYBSMDnDGfdUoDEI?OUJE]WSLKMBNFDGWJANJAdOIDEIH8XY_^OIuGO Y
j?
XY
A
WH8XYKLJx\BDE
A
J I _ ^EIfVU Y>?"H]D,BJE8XYBSLD, ZG|SLKLBNFDWJANX_JE]BDA S<SMDEvP Y>?HIDA~WSMKLBDGE
SLA{DSMADf uDSTOUKMS4XYDGA
A
WH]OU?"AB SFRFA ﬃ]DG_|DSMKLHﬃ"He?"J IpN"DARFf`f`DAZY
A
WWSMKLBJAN O<Y uDGSLN"OBSLDH]D
	rDSTOUDAdO_SCX c<KMJAN_(^
YE]DABBDE,DGEIH]OIDA Y>?KLWoDA lSMA~JOUD
A
Wc  YKMJANY f
	rDGSMO8SFDE]K?"J*IiSLHO,DSMA
KLDGS4XYdOUDGE
A
WJI6?"KLKBDE nDGfdUoDEI?OUJEeDE]c"DGAA~W>?"EY JjDAAR*XY SMH]OBDE DfVU
DGEU?OIJEU?"W*I6?"KLKSMAaBDGE
A
Wc  YK4U Y>?HIDuJ K?"AN"HU?"fOvJf SMA BDADGEIHOUDA
ﬀ 
HyHXYRFA BDGJOUKMS4XYDINhDE^"ABDGEIJANFDACuJ
uDGSLNFDGAZY
Jt?"H4SMNFA>?"K SFDE8Y>?"KTOUDA JABBSMDbG|SLKLBJR<J?"KLSTO^OSLH]OySMA?KLKLDGA
A
J IpA?
Yf`DA S"DE]NFKLDGS4XY~W>?"EGY QD
H
EISMANFD
A
JHIK "HXY~JANFDGABDGH #
H
<SLNFA>?KvBJE8XY B>?"H lDsO ?"KMKBDE  KLDGcdOUEIR<BD_}?"EIDGA KLDGBSLN"KLS4XY
?"J IXBDAaG}DGOIEU?"N"HIWSMKLBDGEIA DE]c"DAA<W?"EY}4SLD Y?OIOIDA ﬃ]DBR XYAR XY c"DSMAD
A
JH_SLEIc~JANFDA?"J I
BSLDtJ>?"KMSMO^OXBDEtP Y>?HIDA~WSMKLBDGEYABDEXBSLE]DcdOUDGA ﬁXf`NFDWJANBDE KLDGcdOUEIR<BDeOUEU?OUDAuG_}?"E
P Y>?"HIDGAHUE AN"D?"J I<KpHY
A
WWZY$O<YUKDMO>BSLDGHIDe_,?"E]DAw?W
DGEXKMDS4XYdOkuJc"RFE]EISLN"SLDE]DAZY JXSLDP Y?"HIDGA
H
c?"E]OIDAWOoBSLDeASCXY~OX_SLDBSLD #kDIpDE]DAuU Y>?"H]DAc?"EOUDuDYAJI6?
XYwN"Df`SMOIOIDKTOk_}?"E]DAWO
uDSMN"OUDGA?"J*I
H
NFEIJABBDGEjNFDGEISMANFDA*#D,UoDGOUSTOUSMRFAHIuGDSTOXHO^"E]c"DGEIDH #X?"JHXYDGArBSMDHkHXYK4^"N"OXHISCXYw?"J XYSMAlBDA
nDGfdUoDEI?OUJEIBSﬂ/rDGEIDAuc?"E]OIDAASLDGBDEGYFJjSLD	rJ S"DE]K ^"H]HISLN"c"DSTOBDEDfVU
DGEU?OIJEIf`DH]HIJANl_JE
H
BD`SLA JAfSTOIOIDKLW?"EIDGE ﬁkfN"DWJANBDGE KLDGc~OIEIR<BD?"f H]O^EIc~H]OIDABJEXY B>?"H G}SLKMBEU?JHXYDGA
W
DGDSMA~OIE-^
XYdOISLN"OY
    k   

  
 
 .
 


 	
	
JjSLD DHIH]JANFDGAcRFAAdOUDGAluGDSLN"DAWOB?"xBSLD  #
H
 YDE]fR"fDsOUEISMD\?"J I Q\EIJABK?"N"DtBDEPE]R"OUR
H
ADAEIDH]RFA>?"AuIpEIDR~JDAuSFDGEIHXYSLDWJANN"DDSMNFADsOnSMH]O,O Jf nDGfdUoDEI?OUJE-^"ABDEIJANFDASLf Q\DG_|DWoD
?"AfDsO ?"KMKLSLH8XYDA fVUK?A~OU?OUDGAauGJ f`DH]HIDArYv4R _|RDYKhBSMD`E^"Jf`KLSCXYD_SLD`?"J XYaBSLD DfVU
D
H
EU?OIJEU?J FH]JAN KpWSLH
 
O6K ◦ 
 JXD PnR<RFEOUDE ﬃ T"? M`E]DSCXYDA ?JH,O Jf HXYd_,?XYD{JAB E^"Jf`KLS4XY
W
DGNFEIDGAuGOIDDfVU
DGEU?OIJEIHOUDGSLNFDGEIJAN"DAuGJDE]c"DAADAZY
A
J XYwBSMDuGDSTOUKLSCXYD
A
J!FHIJAN]SFRFA ﬃH
NFDA NO O<Jf BSLDkSLA ?
USTOUDGKeW
DGHXYE]SLDGW
DGADAHXYADKMKLDA DfVUoDEU?OUJE]H]OUDGSLNFDGEIJANFDAuGJEIDGNFS
H
H]OIEISLDGEIDGAZY
A BDGE ﬁkfN"DWJANlBDGE KMDcdOUE]R4BDbK Off
A
WHO ?"AB_MHOUSLf`fOIDA{BSLD 
aDEOUD?"JH >W
DGEIRDU4OUS
H
HXYDGEnJAB  #
H
W?"HISMDE]OIDEDfVU
DGEU?OIJEIf`DH]HIJANjHIDYENFJO WoDEIDGSLAZYﬁJXSLEIDGcdO0?ABDGE hKMDcdOUE]R4BD
_,?EIDABSMD nDGfdUoDEI?OUJE_}DGE]OID
OiBSMDfSTOIOUDGKLH  #
H
nDGfdUoDEI?OUJEIf`DHIH]JANWoDH]OISLf`fOt_JE]BDA O
H <H]OIDf?OUSMHXYauJ ASLDBEISLNY$JjDGE Q\EIJABZYSMDE IEc?AAaB?"HHO ?"E]c"D%#X?JHXYDGA ?"J IpN"EIJABBDGE
DE8Y!DYdOUDGA iRFANFSTOUJBSLA>?"KMEIDGK? ﬁ?OISLRFA`SLABDGEBSLE]DcdOUDGA ﬁkfNFDGWJAN`BDGE  KMDcdOUE]R4BD\H]DSMAZY
JjSLD{RFWoDA WoDHXYEISLDGW
DGAD DGO-YR4BDuJE  #
H
 YDEIf`RFf`DGOIEISLDSLH]OB>?YDENFDGDSLN"ADGO IEBSMD
uDGSMO ?J IpNFDK FH]OIDSMA
H
S<SCS"R DfVU
DGEU?OIJE W
DGE]_}?
XY~JAN W
DGStP0?OUSLDGAdOUDAbf`SMO?"cdOUS SFDE XDJEIRFHOUS
H
fzJKL?OUSMRFAC_(^
YE]DAB  #
H
G}SMKLBNFDGWJANY 	rJf *XY~JOUu{BDGElPn?OUSMDAdOUDGAbHIRFKMKMOUDbSFRFEBDGE  #
H
ﬁXAdOUDGEIH]J XY~JANJABwA>?
XY G}DGB>?"E8I us_SLHXYDABDA{DSMAuDGKLADGA G}SLKMBNFDGWJANFH]BJE8XYN ^"AN"DAwBSMD
uJwDGE]_}?"E]OIDABD DfVUoDEU?OUJE^"ABDGEIJAN"DA?"AwBDGE KLDcdOIEIR<BDA>?XYR"W
DGA{?"WNFDGHXY_^OIuGO\_|DE
H
BDArY 	rJBSLDGHIDGf 	
_|D,X czc?"AAuY>GXYFBSLD  #
H
 YDGEIf`RFfDsOUE]SLDH]D,R~JDGAuqBJE8XYuGJH-^OIuKMS4XYD,R<BDGE
H]O-^"EIcDEID 	 L
H
PJKLH]D?"J*IvDSMADA<OUEI?
YKMJANFH]KLDSMH]OIJANFH_}DGE]OXNFDHOUDSMNFDEOX_|DE]BDA OrBDGEXRFWoDE8Y>?"KMW
BDE 
aDE]OIDH^"fOUKMS4XYDGEySLA BDE ﬁXAdOUDGEIH]J XY~JAN SFDGE]_|DABDsOUDGE4D,R~JDGAuDGA KMSLDGN"O Y	JXSLD
 YDE
H
fR"fDsOUEISMDH]D,R~JDAu_ EIBDB>?"AAHIDGKLWHOjBSMD \JDKLKMD\BDE DfVU
DGEU?OIJEIHOUDSMNFDE]JAN`B>?"E]H]OUDGKLKMDAZY

 DGAA{B>?"AA{SMAwDSLADE\P Y>?"H]DA~WSMKLBDGE8IpRFKMNFD S"RFAZX?Yrus_}DGS lSLA~JOIDA{c"DGSLAD DfVUoDEU?OUJE^"ABD
H
EIJANFDA DE]c"DGAA~W>?"E`HISLABWO0WoDHOUD,YDAWOhA>?
XY BDGA  E]NFDWASLHIH]DAC?"JH ?
USTOUDGK JO0?"J XY SLA BDGE
?"AH8XYKLSMDxFDGABDA ﬁXAdOIDEIH]J XY~JANcDSMAD #SLH]SLcDA IEqBSMDP0?OISLDAdOIDAZY
  	
 
   	
JjSLD lDGHIHIJANFDA S"RFA *U>?AA~JANJAB nDGfdUoDEI?OUJEz?"A hKMDcdOUE]R4BDJAB 	rJKLDGSMOUJANluGDSMNFDAWO
B>?"x`?"cdOUS SFD qSLDIpDA YSMEIAADJE]RFH]OISLfzJKL?OUSMRFA_(^
YE]DAB *#
H
G}SLKMBNFDWJANK6uY>GXY
?KLHkP0?"EI?"BSMNFf?
IE I	*# 
H
ﬁkA~OIDE]HIJ XY~JAN"DAcM,fFNFKLSCXYSMH]O,O<_|DAAWoDHOUSLf`fOIDRNhRFE]HIS4XYdOIHIf?"xFA>?
YfDGADSMANFD
H
Y>?"KTOUDA_|DE]BDArY 
aDAABSMDHID?xFA>?
Yf`DA{ASCXYdONFDA>?JaWoDIpRFKMN"Ot_|DE]BDAWO:WoDHOUD,YdO IE\BSMD
P0?OISLDGA~OIDA ﬃ]DGBR*XYDGSLADGEIAHOUDGH #kSMHISLcR SFR"E WoDE]NFD,YDGABD\R<BDE}WKLDGSLWoDABDt*XY_^"BSLNFJANFDABDGH
	XSMEIANFDs_}DGW
DGH,B>? SFR"AuJOIEU?"N"DAZY<JjSLDXSLABJuSLDGE]OID\*U>?AA~JANzJAB nDGfdUoDEI?OUJE]uJA?
Yf`D Y_^"A
H
NFDAHO ?"E]c SFRFf ﬃ]Ds_}DGSLKMH SFDE_}DGABDsOUDA
A
J IpW>?"JJABBDGE G|SLKLBNFDWJANFHIH]D,R~JDGAu?WZY
A
J IpN"EIJABBSMDH]DE  EINFDGWASLH]HID_JEIBDABSLDTIpRFKMNFDABDA
 fdUJIpDYKLJANFDAuGJHU?"f`f`DANFDGH]OIDKLKTO 

Y3JjSMD  # ﬁXAdOIDEIH]J XY~JANFDGAaH]RFKLKTOUDGAWO_I6?"KLKMHkfFNFKMS4XYWOfSTOXAS4XYdO\?"ANFDH8XYKLRFH]HIDGADE KLDGc
H
OIEIR<BDBJEXYNFDI YE]Ok_}DGEIBDGAZY
K4Y3L^?"KMKLHvBSMD  KLDcdOIEIR<BDq_}DGNFDABDENhDE]HIJ XYH]BJE8XYJI YE]JANK6uY>GXYDI	 # <M?"ANFDGHXYKMRFHIH]DA
H]DSLAyfzJx O"H]RFKLKTOUD}BSLD  KLDGc~OIEIR<BD,JAB?KLKLDiDSMOIJANFH]c?"W
DGKJSFR"EBDEﬁkA~OIDE]HIJ XY~JANJO<uY>GXY
BJEXY fVUoDB>?"Auf`DHIH]JAN O^?J I	JjDIpDcdOUDeNFDUE JI O_|DE]BDAZY
ﬀ
Y3JjSMD  KLDcdOIEIR<BDqHIRFKMKMOID}DE]H]O ?"ANFDH8XYKLRFH]HIDGA`_|DE]BDAWO~A>?XYBDf BDEhPn?OUSMDAdOhB>?"H H]RFuDGA
H
OIEIJf BDHRFf`RFNFEI?
U YDGADE]EIDSCXYdO Y>?O Y NhRFEtBDf NhDEIKL?"HIH]DAwBDGH HIRFuGDAdOUE]Jf`H\HIRFKMKMOUD
BSMD hKMDcdOUE]R4BDt_SLDBDEBSLH]c"RFAADcdOUSMDEOk_|DE]BDArY
Y3Jt?H NhDE]WSLABJANFH]c?"W
DGK^B>?"E8IrASLDGf?KLHSLAyBSMD  ^
YDkBDGE ﬃ]Ds_}DGSLKLH HIDGABDGABDA 	 L
H
*UJKMD
NFDGK?"ANFDAZY<O ?O]OyBDH]HIDGAHIR"KLKMOIDDHySMff`DEDAdOUKL?"AN{BDEyu
H
A
XYH]DlBDGH nRFf`RFNFEI?
U YDGA
Wus_YBDGE}H]DABDGABDGA UJKLD<SFDGEIKLDGN"O}_|DE]BDArYDJt?"H ?"W
DGK
H]RFKLKTOUDuJ*SFDE]K ^"H]HISMNzW
DIpDHOUSLNO
 
K
 &ﬀ
HIDGSLAWOdB?"fSTOBDGE|Pn?OUSMDAdO BSLD ?"WoDKCU
R"HISMOISLRFAAS4XYdO SFDGE-^"ABDEIAc?AAZY  SLADqH]RFEINI ^"KMOISLNFD
NhRFE]W
DGEIDSTOUJAN`SMH]OJA~WoDBSMAN"OARO_}DGABSLNY
T4Y  H,HIR"KLKMOIDAA<JE4D,R~JDGAuDGAfSTO}ASMDBE]SLNFDGE,~OUEU?YKLJANFHIKMDSLHOUJANWus_Y>
A
# S"DE]_|DABDGO
_|DEIBDA Kpc"DGSLAD 
H
JAB
k 
H
4DR~JDAuGDA >MsY
YﬃL^?"KLKMHjDGSLADBDGE
A
A>?OIRFf`SLD?"ANFD,U>?x"OUD`4DGABD
H
 fdU*I6?"ANFH]HUJKMDuGJE NhDE INFJANlHOUD,YdO,O
HIR"KLKMOIDtBSMDHID S"DE]_|DABDGOX_}DGEIBDGAZY
O4Y  SLADfFNFKLSCXYDXWoDE]K?"NFDGEIJANZSFR"Ab<OUSMfzJKL?OUSMRFAH
H
JAB ABJcdOUSLR"AHIH8U>?"AA~JAN fzJx
WoDSiBDGE 
 ?
YKrBDHj<OUSMfzJKL?OUSMRFAHU?"EU?"BSLNFf?"HhW
DGB>?
XYdO_}DGEIBDGAZY
  YﬃJjSMD L>JAcdOISLRFABDH nDGH]OIH]OUSMfzJKL?OURFE]HHIRFKMKMOUDt_(^
YE]DABBDE ﬁXAdOUDGEIH]J XY~JANc"RFAdOIEIRFKMKLSLDGE]O
_|DEIBDAZY
ﬃYﬃJjSMDP0?OISLDGA~OIDA fH]HIDA _(^
YEIDGAB BDE ﬁkA~OIDE]HIJ XY~JANaK?"J*IpDAB WoDE_,?XY~OJAB JA
H
NFDs_DYAKLSCXYD4SLAADH_,?
YEIADYfzJAN"DA HIR
IpRFEONFDGfDGKLBDsO_}DGEIBDGAZY$G}Ds_Jx"OUKMRFHIDwR<BDGE
HIDGBSLDGE]OIDPn?OUSMDAdOUDGAlB E8IpDGAlASCXYdOXJA~OIDE]HIJ XYdOj_|DE]BDArY
JjSLD  E]NFDWASLHIH]DlBSLDH]DE ﬁkA~OIDE]HIJ XY~JAN"DA HISMAB AS4XYdO`AR"O_|DABSLN?"J XYC?"J Ij?"ABDEID
A
AK?
H
NFDA JAB
A
J IpW?"JOUDGAW
DGE]OUEI?"NFW>?EY  Hc?"AACB>?YDEyc"DGSLAD NhDEI?"AdO_}R"E]OUJANZIEyDSFDAdOIJDKMK
?"J I OIEIDGOIDABD{PhE]RFWKMDf`Dw?"Ab?"ABDEIDGA QDGE-^OIDA ?"KLHBDA YSMDEJA~OIDE]HIJ XYdOUDGA WoDE]ARFf`fDGA
_}DGEIBDGAZY%JjSLD E]NFDWASLHIH]DfHIH]DAlNFEIJABH-^OIuKMS4XY]SFR"ERJXJEXYJIJYEIJANDAdOIHUE]D,XYDGABDE  #
H
ﬁXAdOUDGEIH]J XY~JANFDGA{?"f ﬃ]DG_|DSMKLSMNFDA RFf`RFNFEU?U YDAf`SMOqBDEBRFEOXN"DNFDGW
DGADA NhDEIH]J XYHI?"ARFE]B
H
A~JAN SFDE]S>uGSLDGE]Oq_|DEIBDAZY
  
 
  
 
  
 
	
JjSLD G}SLKMB R~J>?"KLSTO^OkHOUDKMKMOjSLAwBDGETIpJAcdOUSMRFADKMKLDGA \DEIAHUSMA~OIRFf`RFNFEU?U YSLDDSMAwNFEIJABH-^OIuKMS4XYDGH
PEIRFWKMDf B>?"EY$L E\BSMDuDSTO ?"J*IpNFDK FH]OID
A
WOU?"H]OIJANBDE G \ FJ
H
A
AdO_}R"E]O OiBSLDy?"J I|B>?"He~OUS
H
fzJKL?OUSMRFAHU?"EU?"BSLNFf?TIpRFKLN"O,O4cRFf`fDGA
W
DGE]_SLDGNFDAB
T ∗2
H
NFDG_SCXYdOUDGOID QEI?"BSMDAdOUDGAD,XYR hP 
H
4D,R~JDGAuDGAuGJE
A
Ad_|DABJANYAJjSMDHIDqDGEIc?"J IpDGAyHIS4XYBDA NhRFE]OIDSMKDSMADHH]D,YEN"JOUDGA 	rDSMOU?"JH]K 
H
HIJAN K6JAdOIDE
   
fH UE]Ry*XYSCXYdOM|f`SMO DSMADE NFDGEISLANFDAE-^"Jf`KLSCXYDA
A
J FHIJAN K YDGJOUuGJO ?NFD
f? ﬁ

K   2 G|SLKLBJUJAcdOUD M,JABDSLADEH]OU?"EIcDA
A
AJI ^"KMKLSLN"c"DSTO}N"DNFDGAW
DGEt4JHIuDUOUSMWSLKMSMO-^OUH W
DGE
H
N ^"AN"DAZY JjSMD 	rJHU?ff`DA Y ^"ANFD\H]SLABSLA ?
USTOUDGKFK4Y6K4YUTzA_^YDEDE]c~K ^"EO Y
A
KMH L>RFKLN"D|BDGEEIDGK?OISCSNFDGEISLANFDA \tEOUHU?J FH]JAN\_}DGEIBDGAyBSLD
A
cdOUS S4SMDE]JANFH]c?E]OUDGAA>?
XYyS4YEIDE
G}DE]D,XYA~JANDGSLADGf YR*XY?"J IpNFDGK FHOUDA  #
H
Jt?OIDAHI?OUuW
DGEIK?NFDEO Y
4R I ^"KMKMOkBDGf kDJE]RFEU?
H
BSLR"KLRFNFDGABSMD 	rJR"EIBA~JANyus_SLHXYDA?"cdOUS S4SMDEOUDA #DN"SLRFADGAJAB?A>?OUR"fSMHXYDGA<OUE]JcdOUJE]DA
DSMAJI6?
XYDGEY.JjDGE j?
XYdOIDSLK0BDE\NFDGEISMANFDA \tEOUHU?J FH]JAN_SLEIBwB?"fSTOtuY \Yr_SMDBDGE?"JH]NFDNFKMS
H
XYDArY
	rJyDSLADEuJH-^OIuKLSCXYDA*XYd_SLDGEISMNFc"DGSMO I YEOhA~JABSLD n?OUHI?
XYD
O~B>?xeBSLD<Q# 
H
hP 04D,R~JDGA
H
uDGABJE8XYS4YE]DXH]D,YE,N"DEISMANFD
A
JH]KLDGHIDW?"ABWE]DSTOUDtSMAP Y>?"H]DAcR4BSMDE]EIS4XYdOIJANzWoDH]RFABDGEIH?"A
H
I ^"KLKMSLN`HISMAB IEtNFDGRFf`DGOUE]SLH8XYD NhDE]uDGEIEIJANFDAa?"J IpN"EIJAB S"RFA ?"NFADGOIpDGKLBSMA YRFf`RFNFDGASMO-^OUDGAZY
JjSLD3L>E]D,R~JDAuc"R<BSMDEIE]S4XYdOUJANf`SMOSCYEIDGEJfŁDGSLA S<SLDK I6?
XYDGH Y DYDE]DA
A
JH]KLDGHIDW?"ABWE]DSTOUDkSLH]O
B>? SFRFAAS4XYdOnW
DsOUE]R&/rDGAZY JjSLD	NhDGEIuDGEIE]JANFDGA K <OU?"J XY~JAN"DAzJAB<OIEID,X c~JANFDAcMiOUE]DGOUDGASMff`DE
SLAP Y>?HIDAc"R<BSLDGEIEISCXYdOUJANy?J IJABc "AADA O]DtA>?
XYBNhDGE]OIDSLKMJANFDXBDE ?"NFADsOIpDGKLBSMA YRFf`R
H
NFDASMO^OUDA OFKLRFc?"KJAB`NFKLRFW?"KH]OU?"EIc S"?EISLSMDE]DAZY :R"c?KLD N ?"E]S?OISLRFADGADE]NFDWoDA`HISCXYu"Y GjYdBJEXY
4JH]uD,U4OUSLWSLKLSTO^OIH WoDE]N ^"AN"DSLf Q\DG_|DWoDZK Q\D,Y FE]Nd?"ANJOv<OISLE]A Y DYKMDJZY?Y>M 0H]SLD S"DE]JEIHI?
XYDA
FE]OIKLSCXY`WoDN"EIDAuGOUD3NhDE]uDGEIEIJANFDArYJQ\KLR"W>?"KLD A YRFf`RFNFDGASMO-^OUDGA`c FAADGAu"Y GjYDS"DEIJEIHU?XY~O,HIDSMA
BJE8XYCDGSLADGA f?"AN"DK4Y?I OUDGA *YSLf HISLD]IJYEIDGACuGJ N"KLDSCXYJI FE]fSMNFDA NhDEIuGDE]EIJAN"DABDHNFD
H
HU?"fOUDAbG}SMKLBDGHY
G}DSkAdOUDE]HIJ XY~JAN]SFRFAP0?OISLDAdOIDAf`SMOq?"cdOUSCS"DE XDGJEIR"H]OUSMfzJKL?OUSMRFADE]NFSLW4OXH]S4XYBSLD G}DGHIRFA
H
BDE8YDSTO OoB>?"xBSLDSMfdUK?"AdOUSMDEOUD<OUSMfzJKL?OUSMRFAHIDGKLDGc~OIEIR<BDe?"J IpNFE]JABSCYEIDGEjf`DGOU?"KLKMSLHXYDAlPnRFKMD
JAB 	rJKMDSTOUJAN"DADGSLADGAH]OU?"EIcDAa4JH]uDUOUSMWSLKMSMO^OUH W
DGEINd?"ANB>?EIH]OIDKMKMO Y
A
JxFDE]BDf W
DGH]OID,YdO
BSLD  FN"KLS4XYc"DSTO O B>?"xjBJEXYB?"HMNhDGEIWSMABJAN"HIc?"WoDKDGKLDGc~OIEIRFf?"NFADGOUSMHXYD}<OIEU?
YKMJANXSLABDA
	 L
H
 ^ >NyNFDKL?"NFDGAJAB?J XYDGA~O_|DSCXYDAc?AAZY
A
J XYKLDsOUusOUDE]DHkc?"AAuJDSLADE
A
WA?
Yf`D
BDE<G}SMKLB R~J>?KLSMO-^O I YEIDGAZY
JjDEX4JHIuDUOUSMWSLKMSMO-^OUH W
DGEINd?ANuG_SMHXYDGA
 fVUK?"AdOU?OqJAB	kSLEIANFDG_|DWoD IJYE]ODGSLADGEIHIDGSMOIHkuGJ
H]OU?"EIcDAKLRFc?"KMDA G}SMKLBJS"DE]uDE]EIJANFDASLABDGEXf`NFDWJANyBDE  KMDcdOUE]R4BDO>?"ABDEIDGEIH]DSMOIHuJl4S
H
NFA>?"KL?"JH]K FH8XY<JANFDACSLf BSLEIDGcdO?"ANFEIDGAuDGABDA Q\DG_|DWoD"Y JjSMD  KLDGcdOUEIR<BDHIDGKLWHONFSMWO`c"DSMA
4SLN"A>?"K Y
  
JjSLDHL>RFKMNFDTSFRFADSLAc"RDU UoDKMABDGEXD ﬁ4OIDE]ADE 	 L
H
<OUEI?
YKLJANySLH]OkDGSLAXY>?"EU?c~OIDE]SLH]OISLH8XYDAH\<OUE]DS
H
IpDAfJH]OIDEjSMf G}SMKLBWO>BDGHIH]DAZ\tEISLDGAdOUSLDGEIJANVS"RFABDGE L>EIDR<JDAuzBDE  SMAc"RDUJUKLJAN?"W Y ^"ANFSMN
SLHO K6HY ?
UrY K4Y
	
Y

MsY
JjSLDGHIDGE DSLKBDGE
A
E]W
DGSMOXW
DGHXY_^I OUSLNOjH]S4XYf`SMOkBDGA  FNFKMS4XYcDSMOIDAlDSLADE \TUOISLf`SLDGEIJANyBDGE
G}SLKMB R~J>?"KMSMO^O Y 	rJA_^
XYH]O:_SLE]Bc~JE]u|?J ID ﬁ4OIDE]AD	RL
H
~OUEU?YKLJANqDSLANFDNd?ANFDArY
A
AH8XYKLSMDxFDGAB
_}DGEIBDGABSMD hE]NFDWASLH]HID SFRFABEIDGSDSFDGEIHXYSLDBDADGA lDGOYR4BDAuGJE.NhDE]uDE]EIJANFHIcRFEIE]DcdOUJE SFRFE
H
NFDHOUDGKLKMO JABBSMHIc~JOUSMDEO YAJjSLD ]DASMNFDlDGOYR4BDAWO<BSLDkHISCXY?"KMH uGJ SFDGEIK4^"HIH]SLNFHOUDjJABEIR"WJH]OIDHOUD
YDEI?"JH]H]OUDGKLKTOUD
O
_JEIBD IE\BSLDkRFEIE]DcdOUJE S"RFA G}DE]DS4XYDAfSTO\W
DGHIRFABDE]HeHO ?"E]c"DGA 4JH]uDU
H
OUSMWSLKMSMO^OUH W
DGEIN ^"ANFDA_}DGSMOIDEIDGAdO_S4X c"DGKMOeJAB{SMADSMADE L^?"KMKLH]OIJBSMD?"AwDGSLADGE\PEIRFW?"ABSMA{?"J I
S4YE]D
A
JH]_SMEIc~JANFDGA?J IoBSLD|H]O ?OUSLHOUSMHXYD
A
JHIHI?"NFDc~EI?I OhBDE0c"RFE]EISLN"SLDEOUDGA  P 
H
G}SLKMBDEnSLAzBDGE
I	 # 
H
A
JH_}DGE]OUJANNFDsOUDGH]OUDsO Y
  	
  
 
     

 	

 	
J'UKﬀ
	

ﬁ
ﬃﬂXY 
ﬁ
ﬃ
A
 !I"$#%!&'ﬂ L)($*+ S+($, ﬁ-!ﬃ.ﬃ#'(DU U/102ﬃ#
H
! (+34'*+ﬃﬂ8XY657!!Y81*,9:80ﬃ;3 #<
Y3=>01ﬂ 
A

ﬁ
?A@ YB$%!($3C3=ﬂ ﬂ8*$
ﬁ
ﬃ(
ﬁ

XY%ﬃD  E=0ﬂﬃFﬂ ﬂ8*$C9G$H0 I#%(-0
O+01J3@ YB$%!($3Kﬂ ,XL#%!O-3=M03
5-!3N8'!(+O1'8O+8YB$
ﬁ
01 	 L
H
6
ﬁ
1
O*S$
ﬁ
80ﬃP
A
ﬁﬁ
018*%ﬃ1
Q
ﬃ*$ LG ﬂUWI<0
ﬁ
 ﬂ 6
U1!ﬃQTﬀ6K
ﬁ
ﬂXY1
ﬁ
ﬃ

OUT 
H
80
ﬀ

H
Q6ﬃ-^'$  E
ﬁ
0 L%^$ﬃ
Q
ﬃ*+ﬃR0]XY$!$#%ﬂ ﬂXY15-! CISﬃTR@ YB$ﬂ #'(
H
PE
VULWYX[ZQﬂ28E\4'
PE
-,^]ﬁ[ZQﬂ28E\4'
A
ﬁﬁ
018* ﬃ1

B_<`!abdcea"`LfS`<g$h.hij`!g"k'l/ij`m/n$hporq>` siE`Lht/`6uvMw

i"hLk'qfxn$t1yCk'z ?A@C{}|~^w<n'tem
C@ ^w ezy+hLkcsq/`Lt a"`

i"hp`Lagx`Lt}`!ay1`!t `DH`!afb<atIq)k'bp`!tl--m7aS`Lhh a"orq/in't1y
 
  
 
O
 
    ? 	
7* 	 uvVw      JH
	
20 40 60 80 100 120
20
40
60
80
100
120 PE
^U W X4"ZQﬂ"8d\ﬁ'
50 100 150 200 250
50
100
150
200
250
PE
-, ] "ZQﬂ"8d\ﬁ'

ﬁﬁ
018* ﬃ16K	MI`LaSm7az.`Ltb a" tBk'f"`JvP7n$haS`LhDi"hLk't1bgx h z,k1i"a" tm`Lh<_Gaf"m`!h<k1n$b.

17 {+ aS`

i hba y%t)k'fS`Ib atemNk'fb
 ata"`!tCm/n$h orqmﬀk}bIlﬀwkﬀn$zC `Lt/i[hn$zK$nN`!hl7`Ltte`!t	 z m-k'b

i  h ba y%t)k'f
baSorqei
+k'h+n4z4k7orqe`!te|z.n Bij`!t;`Lh bDi<m7aS`Iatei"h}yﬀ` m`!ba"`Lf at/iE`Ltb a `!hp`!t>lﬀwkﬀn$zC `Lt/i[hn$z=b
 `!hhat1y1`!hDi I`Lhpm1`Lt
0ﬃ %!81*ﬀ9G$ﬂ<$8^&ﬃ0ﬀSﬂﬁ-81%! 5-!ﬃ8*+ﬂﬁ-81 1081ﬃ

ﬁﬁ
018* ﬃ16K
Q
ﬃ*$  ﬃ92ﬂ 01
Q
9Gﬃ03Cﬃﬂ(+B$ L)($8 !$1ﬂS(+ 34'(+1ﬂ&0
ﬁ
0"!G0ﬃ  ET01$#
ﬂﬃ J?$ ﬂ 8*ﬂr 0B'ﬂN5- +ﬂ *+$ $ﬂ  08 0B$ﬂ #%# #$813
Q
%! 83
Q
8 ﬃ#'ﬃP
Iﬂﬂ  0B$!'  1 &)0B$O401 @'$ﬂﬃ#$(-0ﬃ %!81*,3 #%# #$813 ﬂ1#- &%
Q
8 0<3
!G0!'83 ﬂr!ﬂ7
J
ﬁ
ﬃ0ﬃ(!G0ﬃ $81ﬂ

ﬁﬁ
 ﬃ1
,Q
ﬃ*+ﬃT$8)V0B$O 014 ﬁ-! 5-!ﬃ8*F0=9GﬃL'8ﬂ
 *ﬂ ,+6$8%9Gﬃ !1 -$(+ 8 D

ﬂ LB(+*+ 0.-$(+Aﬂ &%03	5ﬀ*+$M0ﬃﬂ6*$%!>
ﬁ
#
Q
8
ﬁ
010ﬃ0/
ﬁ
 ﬃ#7ﬂ,7841(1 ﬃ *+ *+ﬃﬃC /sﬃ#72-$


ﬁ
ﬂ
ﬁ
  0ﬂ

B$(+*3#
J*$L'4# 
 $01 ﬂ
Q
8 NHﬃ *+81* J$ﬂ 
ﬁ
*+
ﬁ
0ﬃ5/
ﬁ
 #%-$ﬃ  $  E%ﬂ 6} 80
0:0 -B'3Cﬂ7!Gﬃ2F018+6$8%9Gﬃ 69:0*+ﬃ1*+ﬃ
J  E%!ﬃ Sﬃ
Q
T!'
ﬁ
H0ﬃ  ﬁ19eﬃ3=%:1 0ﬂ 


ﬁ
 ﬂﬂ ﬂ  ! $87;<D1
 -+(+>K
 >=
ﬂ ﬂ8*$	?810 ﬃﬂ*%
ﬁ
0$F#'1 ﬃ#$ﬃ
ﬁ
$ 5-ﬂ 3C'!#) L :0 L)$
0ﬂ

8 ! ﬃﬂ:*+ﬃ1*$!6ﬂ ﬂ(.- ﬃPNH
ﬁ
108*+ﬂ #}
ﬁ
ﬃP9:?3+*+,.0	RL@#6
ﬁ

Q
8
0&9/(+ 7ﬂ(0B$O 3 $*+2ﬂ V921*6
ﬁ
/$81ﬂ20ﬃ3 %!ﬃﬂ 878*+ﬂ !$83 *+$*$$ L 1
 *+ﬃ3A6$O+*+ﬃ'(+81ﬃ3B6'O+*+<%! ﬂ8781*C-$(+.@^'!%!ﬃ,3>9 Bﬂ2ﬂ2ﬂ  0(*
0B$ﬂ NHﬃ
ﬁ
08*$ﬂ#}
ﬁ
3=M13D!G$09B'O B
Q
8>-$ ﬂ&1PIIﬂ(+ ﬂ(603Cﬃﬂ(+ﬃ 
 
ﬃ
ﬂﬃ 0$OT0 57!3 8 '(+1ﬂ98ﬂ  #:&%!ﬂL# S($3
ﬁ

ﬁ
&$2ﬃ#%!($34$*$ﬃﬂ1

 ﬂﬂﬃ2Sﬃ0ﬃ'8O+ B$
ﬁ
015-!3N8'!(+ﬂS &ﬁ78ﬃ
Q

ﬁ
J9: #7ﬂ!$3 *$0 6$3>9  92 0s
  	

 
  
F   	  


    
	 
          
 ﬁﬀﬂ ﬃ
(+#}$! $'!(+ﬃC0ﬃ +&ﬃ92
ﬁ
ﬂ81ﬂ
Q
ﬂ91!
ﬁ
 6' ﬂr!ﬃ,,*+810ﬂ 6}
Q
ﬃﬂJ@I(
ﬁ
3 0ﬃ
"H@   !G0*+
ﬁ
8*80 ﬂ(+3=V$8 0ﬃS8#%!(+ﬃ$0ﬃV0$#s8ﬂ (+1ﬂﬀ# 810=01 9/ S81ﬂﬂ(+ﬂ #
*+ﬃ9:2%!ﬃ
=&%
!G0*+
ﬁ
8*:0B';"ﬂ('6ﬃ9 !ﬃ*)ﬀ+)ﬀ+,J810-)ﬀ
	
? /.ﬃﬂ0 $  '(+ﬃ 21 
Q
8
=
$*+1ﬃSﬃ0(+3=(+*+ﬃ 6'!ﬃ%9Gﬃ69:ﬃ0 83 !G0-$
Q
 81*+803 ﬂ3=3Cﬂr!ﬃ
3)$+5ﬀ*+$ $81ﬂ $ﬂ78*+ﬃ
Q
843B(+*+ B
ﬁ
P5.ﬂ 

 !$"$#%!I9201N2%^ﬃﬂrM081 3=$#
L$ﬂ  E3>9 $%!'!C-+ﬃ8 ﬂ!ﬃ% Iﬂ =!p!ﬃR$8Tﬂ1(+R$ +&ﬃ92
ﬁ
$#  81 # 
ﬁ
ﬃ* 6'*+)
9:
Q
 !G0ﬃ76$ﬂ 1
ﬁ
 ﬃﬃ 0ﬃ 5-! %ﬃ (-0C0 +&& $* 6$1*+2$8j

3

ﬁ
 *%$*
Q
9:ﬂﬃ
=
pL$P80 +&ﬃ92
ﬁ
 ﬂ 0ﬂ 0(*
ﬁ
ﬂ (+0ﬃﬂ<ﬂ !$#.'8ﬂ*+ﬂ9 6'*$D
8 ﬃ0B$ﬂ
=&%
5ﬀ*$B$$ﬂ!3B(+*+&ﬃﬃ
ﬁ
ﬃﬂ8*$!ﬃ
T ∗2
#
%
ﬃ (91'(+.0:6 6ﬃ1ﬃﬃﬂ
5ﬀ8ﬂ
Q
&9ﬀ!
ﬁ
 6'ﬂ;1
ﬁ
 *%$*$ﬂ -+(+ﬂr6$01*$8ﬂ *+ +ﬂ%9: 0
ﬁ
ﬃ08ﬀ!ﬃ 0B$ﬂ6  $-+ ﬂ #
ﬁ
ﬃ  E1S(+3C'!(+ﬂﬀ-+ 8ﬂrD0"Iﬂ=*+
ﬁ
C#'&'<(+ #%!813+*+2#$ﬃV813 0 5ﬀ*+$2-$ﬀ#
8ﬂr 9:ﬃ0:<1L#7* 6$*+*
Q
8343P  E3 +6ﬃ*+ﬂ'
Q
0
Q
89:801521J0='<(+ #%!81 -$(+
!G0-+ﬃ
Q
 8*+ﬃTﬂ($"-+ ﬂ0ﬃ
=
ﬃ(ﬀ01"-+($*+ﬃﬂ$*+s0.?
ﬁ
2#'' 3C$ 0
3Cp (-0ﬂﬃ

ﬂ 6}
Q
0ﬃ:'<(+ #%!81 -+ﬃ "ﬃ1F
Q
92>'6'*+(+ ﬃ817r!ﬃP
.
=
ﬃ 1(ﬀ0ﬃ 0ﬃ:ﬂr!ﬃ?'6'!ﬃ*+(+ >;"8sY1A@CB$
QﬃQ
$ 0ED*,(FG@CH EIKJLFM@CNP$ﬂ$-OI
	
F ? ﬁ78B'7
Q
 #
ﬃ $81G8%ﬂﬃ02P8 ﬃﬂ=
Q
8ﬂ 6'
Q
ﬃ
=&%
#d(+3=(+*+!39ﬂ

8SBﬃ3= 0
 ﬂ!ﬃﬃ,-+($Q H
Q
 81*+P
=
 	<2S 0ﬂ -Ns81ﬂ!'
Q
1S(+3C'!(+>#}$;34$;0R"H@  #
JSJLI
{ %1	
'	
	^u	
 JSJJ
!G0 $ﬂ1ﬃO+10Fﬃﬃ3 6ﬃ -+$
ﬁ
 !81*+ﬂﬂ ?#'(+ *+ P
.
Q
9Gﬃ '&$ﬂﬂ  -+(+ '(+ ﬃ#78 -$ﬀ"ﬃﬃ(; 
ﬁ
ﬂ %!ﬂ$ #'ﬀA@ @I83 Iﬁ/F ? -+ﬃﬂ870
"H@   # !G0
Q
8T#'(+ *+ﬃ 013 ﬂTﬃ%!ﬂ91&10  $03C$ #$T 0ﬃ"-+
Q
ﬃ 
!G0 .808 -+ﬃ
Q
ﬃr!
%
$S 
Qﬃﬁ
0 F *+ﬂ ! ﬃ  92 0P .68 -+ﬃ
Q
ﬃr! !G0
3 1ﬂ ﬂ 
Q
8ﬂ6'
Q
2

8SBﬃ13Cﬃ";
Q
 ! 3 

5	7ﬃﬂ<5K" ?J*+p9G(+1 92 0s

ﬂ #
O+10;9201 0 ﬂ;%!ﬂ9ﬂ10  $03C$ #$;08  *+0 80  C1!ﬂ !$1ﬂS(+ #
34}!($01=

ﬁ
ﬂrL$10ﬂ3C$O
Q
9:ﬂ1T0ﬃ
ﬁ
ﬃ0ﬃ @I8#%3Cﬃ*+T3=13= e1#
B$0ﬃ 1
ﬁ
*$ﬂ21rD .

%92081*,0ﬂﬃ"ﬂ^$ﬂﬀS(+3C'!(+ﬃ$8^0B$ﬂ:*+ﬂ$3  !20
ﬁ
p9: #7<0B'0='<(+ #%!8ﬃ
 E3
%
ﬃ3=0ﬃﬂﬃ


ﬁ
 J9:801
Q
9Gﬃ
=
ﬃ(-0
Q
8#?8B$%! 
Q
 8*0ﬃ  E(+3=(+*+$#
 6'!ﬃ @+B$
QQ
'0ED*,5FM@CH  IOJLF80
ﬁ
0
ﬁ
'ﬂﬃ 
=
ﬃ(-0R@
=
}!ﬃﬂ IOJF 3>9ﬃ3Cﬃ7ﬃ 
80 3=B$0ﬃ -+ *+2s4.$ﬂ &1#	M01=ﬂ;ﬂ9 6}! $ﬂ0C (
ﬁ
8ﬂr!ﬂr!,810
Q
8*#
-+ﬃ 6'ﬂﬂ*+ﬂ ﬃ!$8ﬂ ﬂ  ! ;[@ B$ﬂ #}$r!AB3 B$
QQ
$0 ?$s9:8 0Nﬂ9e
Q
ﬃ 21?0

S(+ﬀ#
0 8*+ﬃ 0ﬃ!"H@   # !G0*+
ﬁ
8* 3=J3=ﬃ!$ﬂ1  E3>9 $%!'!ﬃ92 !ﬃ%E9:2L#$ D
 E3 3B(+*+ﬃ0ﬃR9:0 $803=ﬂp
Q
8* 810  E3>93=%!81*A0=
Q
ﬃﬃ
=
p ( #
0ﬃ*+ﬃ*%$*$P

ﬂO+ﬃ0.9Gﬃ0ﬃF0?0B$3=2
Q
ﬁ"I*$
ﬁ
ﬂﬂ  'B$0.ﬃ*+
B$$#%! ﬂr!ﬂ!Gﬂ9 0B$ *+ﬂr!ﬃ^800$Bﬃ0ﬂ#781rV810 -+ﬃ*+ﬃPS. 3)$4#
ﬂ 80$81ﬂ:'6ﬃ91!ﬃ JSJ
ﬁ
'81$8^0ﬃﬂ "I*+
ﬁ
ﬂ ﬂ $8j
&% ' (*),+ ﬂ4-(/.10ﬁ32 ' +4)>ﬀ65726+
3 0
=
+*+#' !80 +&ﬃ
Q
ﬃ 01401 -+ﬃﬂ101ﬃ '($ﬃ#%!8 3Cp (-0
Q
8
1
ﬁ
91;1Sﬃ9:810ﬃF0ﬂ 
Q
8 63ﬂ ﬁHG($3A98ﬀ! 9($*+!$3=3=.83=*+ﬂ ﬃ
Q
:80$1ﬂ$#
O+10@'$%!(+3#H80@I(
ﬁ
$0ﬃﬂ 80 *$ﬃ!ﬃﬂ ﬃD

ﬂJ@ B'7(+3=&0ﬃ7
Q
92
Q98
1#
0ﬀ +3=*$ @I 91*+ 'ﬂ
ﬁ
& 6$ !ﬃ ;
∅ :
J<;33
ﬁQ
96OJ>=ﬃ3B?p

8O$013 ﬂrL$10C'8  @ B'1#
!(+3  0ﬃ 3B(+ 3 1ﬂ3Cﬃﬂﬃ '(ﬃ9Sﬂ
Q
8Q Hﬃ 21*+81* ;
=
$O+>D1 J5,3ﬃ3 × J>ﬁﬃﬃ3 ×
J
	
ﬃ3 ? 4.$ﬂ-'(ﬃ9<9B$%(+3 80T0ﬃ #7ﬃﬃN
8
0ﬃ ﬂ 0 3  Eﬃﬃ 3= @I 9ﬀ*+$ﬂﬀ#
ﬂ  6
ﬁ
ﬃA-$ﬂ &ﬃP EC0
ﬁ
ﬃ0ﬃ
Q98
01  $3=*+ﬃ @'$%!(+3= 9:801!ﬃ 9Gﬃﬂ:0 68*#
(+ﬂr!3N8 }!($ﬂﬃ#%(-0.3C P H
ﬁ
081*+ﬂ#}
ﬁ
89 
Q
ﬃ & 813 01?'<(+ #%!813=ﬃ 1(ﬀ0ﬃ
ﬂ9/
Q
  01 686ﬃ ﬂrL$ #$ﬃ65ﬀ8ﬂ
Q
&9ﬀ!
ﬁ
 6'ﬂ;1
ﬁ
 * 6$*$
Q
8 !ﬃﬂ >80>ﬃFD'ﬂr!ﬂﬃﬂ
 H *+ﬃﬂ ﬂ
Q
ﬃB$ ("21,01 %ﬂ 878*$3
=
ﬂ
Q
8  B$P .>@ B'7(+3=
9:801 3= 6*HG #  +ﬂ 8*
ﬁ
$21 D
JSJ5)   ? -
  { %     
   	@ "  
H	 j_   -	  
Hv    
 
5-&ﬁ78
Q
ﬂ!" 3Cﬂ ﬂ
%
.3=ﬂ
+
%
"# "H@  
 
=	ﬁSI ﬁSISISI
S)
  	
I
ﬂ) ﬂ<5O" JJ
	
=*) ﬁSISISI
S)
 
=SI
ﬂM
ﬁ
ﬃ!J/Iﬀ J '_Gaf"m%y1` 
1n$t1y+bdck'h!k'z.` ij`!hHm1`Lh `LhI`Lt/m` iE`Lt)`1n-`!t}`!tCg$h	1z ceqe t$h a"-
_<`LaPm`!t6
H jw)`n7`Lt `Lt:
`i[hn'yCm`!h 
Gorqe}k
'bDixk'tem3 }|+  }|%~zCbﬁﬀ
`!am1`Lh* 
Hw)`n7`Lt
Vk}hm7a"`	
Gorqe $n'y%f }t1y1`ﬃﬂ 



*$(+  3=A9:801Tﬂ(92(%J'3 J%+, ﬂ $ﬂN$8R$3 ﬁ ﬂ
=&%
# ﬂ^($3C(+*$!ﬃ91 *+p! #
ﬂ ﬃD .?
ﬁ
01%  ﬃ92ﬂVﬃ ﬂ) #d*+ﬃ9:2%!ﬃ ﬂ<5O" # .?'!ﬃﬂ!}
Q
$0IN0M 91$#%H*+ﬃﬃ
512721 8*;$8S*+ﬃ(+3=3Cﬃ 9:801ﬃH$ﬂ
%
$S 
Q
 .5-&ﬁ78
Q
9B$$3=ﬃ!ﬃ 0P"H@  #
80,01 ﬂ<5K"#j5ﬀ&ﬁ78ﬃ
Q
ﬃ 21201
ﬁ
0 +6ﬃ 6'ﬂ 04$ﬂ^
ﬁ
=J/I1$J
Q
8ﬂ!$3=3=*+ﬃﬂ  D
3 1
ﬁ
01 +&6'!9:801 0ﬂ<5K"# !G0 3= ﬃﬃ
=
}! 9ﬀ*+ +O$5-$(+7)S,
 
2 8100
"H@   # .?'.3=
  	
2 810.3C J5)= 2 '8S*+1(+3C3=sK.$ﬂ 3B( 
ﬁ
ﬃ8* ﬂ(9G(ﬃ 2120ﬂ<5O" #
$ﬂ $8 21 0="H@   #j5ﬀ&ﬁ78ﬃ
Q
)S,
 
3=3 × )S,
 
3C3 3 *+($3Cp!ﬂ  Hﬃ
Q
 8*+ﬃF018
5ﬀ8ﬂ
Q
&9ﬀ!
ﬁ
 6'ﬂ;1
ﬁ
 * 6$*$
Q
8Fﬂ3 8ﬃ,9:801 !ﬃ 9Gﬃﬂ&01 513C#'(+ B*+81!'(+ﬂ(=*+ #
6$0ﬃ &Iﬂ( 0$O;ﬃﬂ
Q
83C$ﬂﬂ 2-$I0ﬃ81! ﬂ27
ﬁ
$  Hﬃ
Q
ﬃ 8*+ﬃ1
ﬁ
=0B$ﬂ=*+ﬂ$3 
@ B$%!(+3 %92*#''3F

8P01  E3>9ﬃ3Cﬃ7!'!(+ﬃ0H
Q
ﬃﬃ '<(+ #%!81!$*+(+  3=
9: 03 3B(+*+01.*+ﬃ*%$*+ﬃP
!#"%$'&($)! *,+-/.1032%4-65171032
8 H '6ﬃ9 )ﬀ
	
+)
ﬁ
  !ﬂ ﬂ#7
QﬃQ
ﬃ &}781
Q
M0'-+(+-B$
QQ
$0@+B$
QQ
'0ED*,5F*-$(+*$ﬂ1 $*+ﬃ
=
ﬃ(-0B9 9ﬀ92ﬂC@ B$ﬂﬃ0$#sﬃ
Q
#}$ 
Q
8 '<(+ #%!8 07-+ﬃ
Q
ﬃr! "H@  # !G0ﬃ
=
 	2SG01+&278*+ﬃ ;G)ﬀ+)
	
? 80 ;G)ﬀ+)S,%? #''34' $8ﬂV0ﬂ H@ B$ﬂ 0$#sﬃﬃ
Q
#}$r!
&@I$9ﬀ4-+ﬃﬂ1
ﬁ
8*+ﬂ #'' !
ﬁ
ﬂﬃPe5ﬀ&*+
ﬁ
 21  ﬃ0ﬂ<@I$9ﬀﬃP3 8 -+
Q
ﬃ  !G0
ﬂﬃ 	<#781 ?$81ﬂ<013 -$
Q
  !ﬃ !G0$P
3 1C0

8SBﬃ13C 01 !Gp!$*+ﬂﬀ#80 @ B$ﬂﬃ
ﬁ
0ﬂG0 0Fﬂﬃ
ﬁ
A51279e($ﬂ(+1$#
81*9:<01
Q
8C#$(+ *+ﬃ10"H@   #

8Sﬃ3=B
ﬁ
ﬃC3 1ﬂﬂ %9:8 0ﬃ
=
8 !&(3#
3 

5	 5ﬀﬂﬁ78
Q
(% %!ﬃ2@ B$ﬂ #'(+ #%!8
ﬁ
ﬃ-8ﬀ
Q
 341 12ﬃﬂ  !Gﬃ8 8*:0ﬃ
'(+ ﬃ#783C  @ B'ﬂ1#'' !ﬃ 9:801
Q
8 6ﬃﬂr  9:A-$(+ B$
QQ
'0,-$(+*+ﬃﬂ$*+ﬃ
Q
9Gﬃ
" (+ﬂ -$r9Gﬃ0ﬃ0Ns8ﬃ896:<;<=>:@?A?>:@BDCFEHGIGI:<JLKIM#GB-+($(/
ﬁ
 #% 3=
=
pL$3A9$%L'
9:801ﬃONPGQ=RKSKT:@8UVGIWXNP=Y:@BZKT:@B#:@[]\#E.=0
ﬁ
ﬂr!&10 .(%99/&(+ﬂ &ﬁ78ﬃ
Q
*+$21*$ 
ﬂ(>0B'O 21N0 !G &781*;0ﬃ@ B$ﬂ 0$#sﬃﬃ
Q
#}$r! 
Q
8ﬂ6'
Q
2 5ﬀ'
Q
$R@ B #
{ %1	
'	
	^u	
 JSJ ﬁ
ﬂﬃ
ﬁ
01
Q
8 0  ! " (
Q

Q
8R Hﬃ 21*$8* ﬂ !ﬂ%D "IﬂC#'(+%!ﬃﬂ($3C  V081
5ﬀ8
ﬁ
!$#%(+ 0ﬃ ﬃ
Q
.?'ﬂ6'
Q
 -$(+B$01&70 )@ B$ﬂ 01 #eﬃ
Q
#}$r!ﬃ43=   #
9GﬃﬂI8%! ﬂ0ﬃ " (
Q
 !0$#sﬃﬃ
Q:ﬁ
ﬃ&1ﬃ29Gﬃ0ﬃP .ﬃﬂ:# +1C-81  JBﬃ
5-6'#$<0ﬃ2(+#}$ﬃ
=
$*+pS0(+3=(+*+16}
∆B0 ﬁ1Q
96-0H($#'' $3=(+ S &ﬁ78ﬃ
Q
8*#
!ﬃﬂ101
∆νL

Q
8 '(+ ﬃ#78 -+ ﬂ0ﬃ!G 1C,!G0 ﬃ!$*$
Q
($*+ 9Gﬃ0ﬃP
3 1:0 '<(+ #%!818-+($ !G0 *+(+.3=:ﬂrL$ #$ﬃA5ﬀ8ﬂ
Q
&9ﬀ!
ﬁ
 6'ﬂ;1
ﬁ
 * 6$*$B810 0B #
3C  (%ﬃ&8;  21 0@'$ﬂﬃ0 #e 
Q

ﬁ
ﬃ ﬂ F0 @ B$ﬂﬃ0$#sﬃ
Q
#}$ >3=
*+ *$ " (
Q
ﬃ0 #e 
Q
$701 ﬃ2ﬂ  0


Q
ﬃ1e0ﬃG@ B'ﬂ1ﬂ9<1*+?40ﬃ<3C#
*+
ﬁ
8*(-+(+ +&ﬃ92
ﬁ
$# 8 ﬀ# 
ﬁ
ﬃ* 6$1*+ (-0.3=ﬃ!$ﬂ1  E3>9$%L' -+ﬃ*+2ﬂ 92ﬂ
ﬃ0* 51%9 6ﬃ  H
Q
 8*$ 0=ﬂ2T
ﬁ
 $8:0B'ﬂ *+ﬃﬂ!$3 ! /
ﬁ
 ﬃ#%$8ﬂ 0&1
# +1
Q
 !V08  ﬃ,1% (%913C$2ﬃ*$ﬂ !.513=#$($ B*+8'!(+ ﬂ(+ 081
@ B$ﬂﬃ0$#sﬃ
Q
#}$ ,3=' %  " (
Q
ﬃ0 #e 
Q
#$(+ *+ﬃ I9201-83 0ﬃ4*+$3C#
!ﬃﬃ8;r!
ﬁ
 2F0ﬃ<@'$ﬂ -+(+
[−pi,+pi] 781
Q

Q
8F# +ﬃP
Ns8 !Gﬃﬂ 3=3N8*N01J(%913C$ﬃ
%
&91! !(+ﬂ
Q
 !480ﬃ" (
Q
ﬃ0 #e 
Q
.9:8013
 H(+ Sﬃ0
=
ﬂ ﬂ81*+
Q
83  H$ 01ﬂ5-*+B'R
%
$8ﬂ1#M Hﬃ 6$ !ﬂﬂ ﬂ>;x5K6
%
?6081*+ #
21rD .?321 H9:810<5-!3N8 }!($ﬂﬃ#%(-0  ﬃB+6p9G
ﬁ
ﬂ9B$%!($3 ;x51#$ﬃ	? ﬃ1#
*+ﬂ21 810R0ﬃﬂﬂ3 ﬂ (+3=(+*+ﬃ9ﬃ 8%!ﬃﬂ87 3 1!Gp!$*+ﬂ
ﬁ
01 ﬂ 0$ﬂ=5O6
%
$ﬂ
0	#?8($%<$81ﬂ?5ﬀ*+B$3C 92r 3 /
ﬁ
 #%80 5-L$10B$0
ﬁ
9Gﬃ78*,3
%
$8ﬂ1
$8O+ﬃB'
ﬁ
01ﬂ7/
ﬁ
 #%ﬂ?0 ﬃ D 3 10

8ﬂr9Gﬃ !81*.9:80ﬃ
%
ﬃ*+($ 3 @ B$%!(+3
*+ﬃ9 6ﬃ  708-+($,0 "I#%(-00810 8*+ﬃ,9Gﬃ0ﬃﬂ ( 92(%/ﬂﬃ#7ﬂ7:9:$8 9B$ﬀ#
$[ .?$ﬂ "I*$
ﬁ
ﬂ 0ﬃ:5O6
%
#
=
ﬂﬂ 8* 

ﬁ
 6'*+*$#$  -$(+ﬃ" (3#H810
%
ﬂ9ep!(+1ﬂ
Q
ﬃ
ﬁ
ﬃ Sﬃﬂ !ﬃ3

ﬃ*+8*$ﬂ 9:1#$Iﬂ 

ﬁﬁ
 JLI1 J 0B$*$ﬂ D "Iﬂ&ﬂr?0ﬃ81!
Q
8> #$1
9:J0B'ﬂ 5O6
%
3=
Q
81&3=01 " (
Q
ﬃ2
ﬁ
13=3 M810C3=^9 3ﬂﬃ0
%
ﬂ9(+ﬂ
Q
ﬃ
ﬂ *'D .

ﬁ
ﬃ3= 3=<0ﬃ " (
Q
ﬂr0 3B(+*+60ﬂ 3   . ;
T ∗2
# 3)$#%!(+< +6[ )ﬀ ) I ?$
0 Ns81Bﬃ3=63C J0
%
&9/ﬃ!(+ﬂ
Q
 J #7 6$rﬂ F$8ﬂ:0ﬃ3
T1
# 3)$#%!(+J0ﬃ:ﬂ
ﬁ
ﬃ +&ﬃ4#
78*
3 1=0 !Gp9Gﬃ 8* 0ﬃ6#?8B$ 6'0ﬃ4@ B$ﬂ 01 #eﬃ
Qﬁ
014#}$10(
ﬁ
*+ﬃ. B !4#
(+ 0ﬃﬂ=5O6
%
%1!'*+
Q
(+*+ﬃ 9Gﬃ0ﬃP .5ﬀ*+$3= ! 9Gﬃ 63 /
ﬁ
 ﬃ#%CB'N#'

8ﬂ ﬂ!$*$#7!3 &H0 0F@ B'ﬂ B' 3=3= 8;r!3 !2ﬃ
[−pi,+pi]  Ns8>!Gﬃ8  #
81*01 	(+3=(+*+ﬃ 6'V01 @ B$ﬂﬃ0$#sﬃ
Q
#'' !ﬃC9:8 0:ﬂ !' 0ﬃﬂﬂﬃ40B'ﬂ  Hﬃ 6'!1ﬂI0ﬃ
 6$813Cﬃ $  '(+=0 @'$ﬂ&40ﬃ . #eﬃ
Qﬁ
014ﬃB'
ﬁ
01ﬂ /
ﬁ
 #%ﬂ ﬃ '2-
Q
83
%
$81ﬂﬃ $81O+ B$
ﬁ
01ﬂ /
ﬁ
 #%!ﬂ -$ 9210ﬃ  E

ﬁ1ﬁ
 J/I1+) ﬂr0ﬃﬂﬂ Hﬃ 6'#
ﬂ$ﬂ:3B81#7(+F0:" (
Q
0 #e 
Q
∆TE
/

ﬁ
6$*+*+#$ﬃ -+(+ 0
%
ﬂ9ep!(+1ﬂ
Q
ﬃ
JSJ
	
  ? -
  { %     
   	@ "  
H	 j_   -	  
Hv    
 

ﬁﬁ
018*RJ/I1$J 1   g$hJm7a"` _<` i"hLk}y+b.
'af"m`!h:m`!h" n'fdi[aS`orqe wxv   ﬀu B`1n-`Lt1&at$
'q	'tw
y%ay+l-`Laxi  t
TE
n$tem
TR

fatl7b k'z _:`!y%att m`LhJhLkceqe`Lt 
Iate`$>`Lbbn$t1y0
`!bDij`!q/i kﬀn$b

`I`Lafbm7hp`!a?n$t/ij`!hb orqa"`ﬃm7faSorqe`Lt 
Gorqe b +n `!ate`!h?`jcV` i[axi[aS tb `Laxi  k't `!hl7`Ltt/ij|Gmﬀk m-k'b
   z=adiP$n$te`Lq1z`!tem`Lh 
Gorqe }`!adiMk
'tazCz.i

v  	?n$tem|ﬀy1`!z 
Jfd

1   |ﬀz=adiVMk7orqbp`!tBw
m`Lh ?`jcV` i"adi[aS tb }`LaxiMbDiE`La y)i
;*$0 ?$
ﬁ
 Sﬂr!ﬃ3

 *+81*+ﬂ 9:#$ﬃ 0$*+ﬃﬂ  D <3   Hﬀ 6$ﬂ-81* 0ﬃ 5-L$*#
0B$ 0B
ﬁ
9Gﬃ78*F08 T@ B$ﬂﬃﬂ91;1*$
Q
8 -+ﬃ3=019:8 0>21 01

8ﬂr9Gﬃ 8* 0ﬃ
!Gﬃ!$*A0ﬃ=@'$ﬂﬃ0 #e 
Q
#}$ 1!'*+
Q
(+*+ﬃP

ﬁﬁ
 J/I1+)
Q
*$ ﬃNs8Bﬃ13C.0ﬃ
@ B$ﬂﬃ -$' }!($T3C 0" (
Q
0 #e 
Q
 .?$ﬂ #}$ 08 
Q
ﬃ!T9Gﬃﬂﬃ0
@ B$ﬂﬃ0$#sﬃ
Q
0ﬃ2ﬃ
Q
P H(L91ﬃ
Q
8B$01H #-6$ H92 0-0<ﬂ C0B$=3 @ B #
ﬂﬃ0 #e 
Qﬃﬁ
0 101ﬂ 6'*$D08 $83 '8ﬂ*+ﬃﬂﬃ
ﬁ
ﬃ<ﬃﬃR"'1(
Q
ﬃ!01 #eﬃ
Q
-$(+
J5,'3=ﬂ
ﬁ
 - 
=
ﬃﬂﬂ81*+;
=
(9ﬀ3N813 *+ﬃ3Cﬃﬂﬂ A9:80ﬂ &81#7 $ﬃ "I

ﬁ
 6$1*+*3#
#$ﬃ:0ﬃ@ B'ﬂ -'$  '(+ -+($F0ﬃ
%
ﬂ9ep!(+1ﬂ
Q
ﬃJﬂ :2%
Q
8Fﬃ#'ﬃP

ﬂ "I*+
ﬁ
ﬂG0ﬃﬂ
=
ﬂﬂ 8*+ﬃF8100
Q
8-+(+:'8ﬂ*+$21r!
ﬁ
ﬃﬃ*+8*$
Q
8  Hﬃ 4#
81*0" (
Q
F800:0B$3= -+ﬃ
ﬁ
810ﬃ " (
Q
0 #e 
Q
9:800B$ﬂ:ﬃﬂ 
" (,0ﬃ 3

5	 #r5ﬀﬂﬁ78
Q
ﬂ(BS<1 9: 3$*+2 $81S*+($3C3=P

8>0B$ﬂ
Q
92-" (
9:801N>3+*+ﬂr*+ﬃ*+3

ﬁ
ﬂ !$0
Q
83  ﬂ A*+ﬃ9 6ﬃ D .
ﬁ
0 S<1ﬃ "'1(3#
Q
ﬃ!ﬃﬂ10.ﬂ(+3=G0807+6$0ﬃ%!1ﬂ 6'#$&01
=&%
ﬂ ﬂ Sﬂr!*+ﬃ*'DE.ﬃNs  981#7 21 
0B$ﬂ<0  " (49:810 21 0B'ﬂ J%+, ﬂ # +6ﬃ 6'3

ﬁ
ﬂ L'0 -+($ ,1+)'3Cﬂ
Q
813
Q
9Gﬃ
{ %1	
'	
	^u	
 JSJ/,
TR

ﬁﬁ
018* JLI1 ) 'Iq)k}bp`Lt pk'h a k1i"a" tNat=m`!t Iq)k'bp`!tem7a  `!hp`Lt1 
'af"m`!htCm`!h  n$fxi[aS`orqe}w[v   1u
)`1n-`!t+"a"`M`!yﬀ`Ltem`y%a
1i m%a"`

`DH`!afay1` &`EcI`i[adi"a" t1b}`!adi k't4 k't `Lhl7`Ltt/i4`Late` Vn+w
t)k'qz.`m`!h Iq)k}bp`Lt pk'h a k1i"a" tAz=adi<m`!h 
 orq/ }`!adijm%a `Lhp`!t+,
Iat:Vn$b!k'z=z`!tq)k't1y'Iab orqe`Lt
Iq)k'bp`!t ﬃk}ha kﬀi[a"tTn$tem ?`jcV` i"adi[aS tb }`Laxi l'k't1t>ta"orq/i2y1`!}yﬀ`LtTI`Lhpm1`Lt_<`!bp t/m`Lh b&g 'ffxiJmﬀk}b
 kﬀaz,n$z m`!h /k'ha k1i[aS t 
1`LaM`Late`Lha `Lhp`!t `Laxi  t;{'~z=b<k1n$gj
" ( *+p9 63& 21  0$ﬂ ﬁ ﬂ #ﬀ+& 6} +92*+ﬃ40ﬃ2ﬂr6$ #$   E(+3=(+*+16}! ;"ﬂﬃ1+6[	;G)ﬀ+)ﬁ ??$
9:ﬃ0 83 3=J0ﬃ:#-ﬂ 3+*$1" (
Q
 !0$#sﬃ
Q

.? 01 	(+3=(+*+ﬃ 6'H02@ B$ﬂ #}$r! -$(+,0ﬃ
%
&9/ﬃ(+ﬂ
Q
ﬃ %G
ﬁ
 6'*+*ﬂrG810
0A!Gp!!'*+ﬂ
ﬁ
0ﬃ 01-3

5	 #j5ﬀ&ﬁ78ﬃ
Q
78 1(1R$ﬂ  H($ '*+21 ﬃCﬂ%9Gﬃ 9Gﬃ 
ﬁ
 #
ﬂ  5-*+3=%! 8*
ﬁ
 $!*$ 9Gﬃ0ﬃ29:8 0 01ﬃ -$(+3 +6ﬃ 6'4
ﬁ
 6'*+*$ﬃI3=34$
%
ﬂ9ep! !($ﬂ
Q
7-+ﬃ 9201ﬃD 5-(+3C  9:0 01
Q
8ﬂ 6'
Q
ﬁNsﬃ!$8 9G$0,21N@M'%810
'&1#3C3=ﬃ   H(+A0ﬃﬂ
%
&9/ﬃ!(+ﬂ
Q
 6$8ﬂ *+&10A9:801C0ﬃ

 *+81*+ﬂ 9:#$ﬃ
0 	 3@#E@H81ﬂ$8 3+*+ﬂr 1(%ﬂJ5ﬀ*+$R
%
$8ﬂ -+  6$ !ﬂ2(%9ﬀ!3=ﬃ 

ﬂ2(%913C$B #
9:ﬃﬂ<ﬂ ﬁ8;r -+(+&)S, ◦ 
ﬂM
ﬁ
ﬃRJ/I1+)Cﬂr! 210$ﬂ J%+, ﬂ #J810>0B$ﬂ*ﬁ ﬂ #ﬀ+& 6}0 '<(+3
ﬁ
B'!(+F$8ﬂ " (
Q
 !)
%
ﬂ9ep! !($ﬂ
Q
,810ﬁ" (
Q
ﬃ0 #e 
Q

Q
8ﬂ$3C3=sENs8ﬂ6'
Q
4ﬂ   9ﬀ3>9 'ﬂ,0

8Sﬃ3=0B$81 21 2ﬃﬃ.?'ﬂ'
Q
'8ﬂ )I 5127.3= 

81SBﬃ3=3C'! $9-$(+
J5)= 2 !G0918#%!ﬃ $1*+*+
ﬁ
ﬃP
JSJ
 
  ? -
  { %     
   	@ "  
H	 j_   -	  
Hv    
 
@^$!$3=ﬃ J%+, ﬂ #ﬀ+&6' ﬁ+I ﬂ #ﬀ+& 6}
TE1/
3=ﬂ ﬁ1 ; ﬁ
 
TE2/
3=ﬂ
 
 =
 
ﬁ
TE3/
3=ﬂ J5) D
TE2 − TE1/ 3=ﬂ ﬁ1 J )1 ;
TE3 − TE1/ 3=ﬂ =1 ﬁ ,1 	
TR/
3Cﬂ ﬁ = ﬁ
 

8SBﬃ3=
Q
 ﬁ'3= J ﬁ
 
J ﬁOJ
ﬂM
ﬁ
ﬃ-JLI1 ) e_2af"m+y1` 
1n't1y%bdcPk'hLk'z.` iE`Lh?m`!h6}w 
Gorqe}wxv , 1u)`1n-`!tN+n'h `Iat1ten't1yFm`!h
Iq)k'bp`!tl'k'hDiE`Lta"` Nn$g t)k}qz`!}`!adi 
1`Lﬃa"`Lq/isb a"orq=k1n'gsm7a"` Nn$g t)k}qz`G`Lat/`Lb &kﬀij`Lt1bLk1i"}`LbIz=adi
   )orqaSorqeiE`Lt n$tem`Lat/`Lh"Nn  bDn't1y  t
1282
_GafSm}cVn$t1leiE`Lt
 E3
%
33Cﬃ 0ﬂ 


ﬁ
 ^9:8 0
Q
8!2ﬂ78*&0ﬃM#'(+ *+  !G0 N@I($*+!$3=3
B$3=ﬂ
	
;%E9G($ SA810> 0ﬃ&@I(+*$!$3=3C ﬂ9ﬃ
=
'!
ﬁ
9 (+*+!'3C#
3CrD>3 1N01 3)$ 0$Oﬀﬂﬁﬃ "!$#&%(')'
ﬁ
3 @I($*+!$3=3C$8S81Jﬂ 6$3 !241($E9Gﬃ*$
@M$$3=ﬃ!ﬃ680
=&%
# .'!ﬃﬂ 6'
Q
1
ﬁ
ﬃ*+
ﬁ
ﬃ 9201M$
ﬁ
 !ﬃﬃﬂ - $*$81(+(+3A.ﬃﬂ
ﬂr 21N01  E%*+'!(+T ﬃ,$81!($34'ﬂA
=&%
  # .'!ﬃB$8ﬂr9Gﬃ !81* -$(+ !G01818*
;"ﬂﬃ

ﬁ
ﬂ  JSJ ?p 3 1J05
8
7!(90ﬃﬂ 3B8#%(+ﬂ$8S 8SﬂJﬂ&

B$*A!
3)$ﬂ*ﬀﬂﬁﬃ "!$#&%(')'6(%
ﬁQ
963=
Q
8,9Gﬃ*

*+813Cﬃ7$8S*$81S.9: 0ﬀﬂrL$r!p:1
$8 *+ﬃ9ﬂ>!Gﬃ-8ﬀ
Q
ﬃﬂ !ﬂr!ﬃ ;S*+[P* ﬃ92D$^8 ﬂﬃ %!ﬃ "ﬃﬃﬃ@+   ﬀ?
ﬁ
$ﬂ ﬃ*#
0  Hﬃﬂ(+P0.ﬂ ,9: 0T3 3)($*+ﬃ0  6ﬃﬃ6$81  6ﬃ "H*%
ﬁ
,ﬂ6$3 !ﬃ
Q
8
'(+ ﬃ#781($E9Gﬃ0*+  E1S(+3C'!(+ﬃFﬂr!3=3 <0ﬃ

ﬁ
$8
ﬁ
0@I(+*$!$3=3 -+ﬃﬂ (+ﬃ
9:ﬃ0 1
ﬁ
 P
6ﬃ0ﬃ3 5-!$  0 +    #G Hﬂ (+,9:0
Q
8 6ﬃﬂr
ﬁ
*+$S!$*$&ﬀ922='(+ ﬃ#783=ﬃ(-0
-+ﬃ 920p292 0=ﬂ($ﬀ'@ B$ﬂ #}$r!C(ﬀ01
=
ﬂ#}$$3=(ﬀ018 '(+B;"ﬂﬃ '6ﬃ9POJLI1 )- )%? S3 1 
0 3)$I-"I%!ﬂ08* 21 04@ B$ﬂﬃ#}$ 3=ﬃ(-0,9: 0
Q
86ﬃﬂ  ﬃT03
519/1($ 7-+(+,!Gﬃ!$*+ﬂ #?810 @ B$ﬂ 
ﬁ
0ﬃ 01 3 

5	 #j5ﬀ&ﬁ78ﬃ
Q
*$ﬂS!'*$D

ﬂ #
O+10 #epMﬂ 0B$ﬂ 

ﬁﬁ
 J/Iﬀ ﬁ+J0B'*+ﬃﬂ !ﬃ ! 6 - *%}!($ﬂSﬃﬂ  <3 !G0
ﬁ
 1'21 
ﬁ
ﬃﬂ 3=3 ! " (
Q
ﬃ0 #e 
Q

Q
8A3C$#7ﬃﬃ/9:0 3=0ﬃ3 51B'!#7(ﬃ9,+ / 9/A@ B #
ﬂﬂ-?0$ﬂ
Q
81ﬂ 6'
Q
2 3Bﬃﬂ J$81ﬂ

ﬁ1ﬁ
 J/Iﬀ ﬁ
ﬁ
*+  #spDO.?$*$ﬂ 2ﬂ 
Q
86ﬃﬂ  0B$ﬂ ﬃﬂ 
" (01  ﬂ !ﬃ511% 0ﬂ^@ B$ﬂﬃ
ﬁ
00B'ﬂ'
Q
ﬂ  E0 @ B$ﬂ 
ﬁ
0 7 6's0B$ﬂ

81 #
{ %1	
'	
	^u	
 JSJ>;
   

ﬁﬁ
018* J/I1ﬁ  7  g$hm7aS`5Vn7 hpm7t/n$tﬀy 
`!bDi"az=z.ij`!h!
Gorqe}`Laxijm7a  `!hp`!t}`!t +n `!at `Lf w
te`Lt _GafSm 
`!hp`!a"orqe`!t	
, `La y)imﬀk'bNvs`!tbDiE`Lhg$h m%a"` ?k ay-k1i"a" tAaz Iq)k'bp`!t 
'afSmmﬀk1iE`Ltb!k1i[$
e`!af
'afSmC}`!ay)imﬀk}b vs`Lt1bDij`!hp|Hmﬀk'b6b a"orq m)n$hporqRm`Lt )orq)k'fxi[l7tepcsg IcI`!t Iq)k'b `&az ?k$w
ay-k1i"a" t1bgx`Lt1bDij`!h  /te`Lt>f Bi  &k}hat l  tt/`LtTmﬀk'tt>g$h

`m`)orq1a"orq/i atem%aa"m/n7`LffV`!at `Lft/`
_GafSm 
1`Lhp`!a"orqe`

hp-iE`Lb?`orq/iE`orl =g$hm7a"`Nn$bﬃVk}qf 
1`Lbi[az=z.iE`Lh 
Gorqe }`!adiEm7a `Lh `Lt `LtTz4k'h!w
l7a"`Lhi H`!hpm`!t

qa"`!hXsi"az.n'f k1i"a" tb `LfS`Ll/i[h ﬀm` az
 
n}y1`LfYcsq)k't/ijz 

0ﬃ -$(+
=
$*+pSﬃ0(+3=(+*+ﬃ 6'!ﬃ
ﬁ
ﬃﬂ(+10 ﬂ%
=
 03 6 -ﬀ*%'(+ﬂﬀSﬂr!ﬃ
# +1
ﬁ
ﬃﬂ !3C3 !"
ﬁ
ﬃ 
Q
#
ﬁQ
96 5*%!ﬂ #%!(+ﬂ %!81* 810 ﬃ
Q
1ﬁ"'1(+ﬂ
$*+p9 63.92 0P8/   -+ﬃﬃ"ﬃ%F0

%9 ﬃ1&0 / 91!(+ +j' 
=
 j@ -;
=
(9ﬀ3N813C#
 E%!1ﬂ 6'!ﬂ9(  #%!(+	? 21N01.$ﬂr!81*A$0ﬃ " (+ﬂTﬃﬃ3 @I ( #%!(+ﬂ
ﬁ
0
0B$ﬂ

8 C10 0081
=
$*+pSﬃ0(+3=(+*+ﬃ 6'!ﬃ
ﬁ
ﬃﬂ(+10 ﬂ
ﬁ
ﬃ(#eﬃ
%
*$(3#
sE6ﬃ !Gp6'*+81*N0ﬂ51$#-1(%9Sﬂ + 6ﬃ9
%
/   -9:0.3 3=(+3=%L'$*+p9 6ﬃ1!ﬃ
@ B$ﬂﬃ
ﬁ
0ﬃ&ﬂ (+*+ﬃB$%!ﬁﬀﬃ %ﬃﬂ% ﬃ!ﬂ !""'#ﬂ"!%$&('")'*+ﬃ9 6ﬃ DE.ﬂ  !Gﬃﬃ#''
21  01?511% 04- 08ﬃ
ﬁ
ﬃﬂ !3C3 V9Gﬃ0ﬃP*8 ﬃ=00 H(+ *%$* 21H$ *$ﬃ9!1ﬂ%!
5127
ﬁ
*+ﬃﬂ(+ﬂﬂ  ﬂ  ^9:0R3=01 5*B$#7(%9*+
%
D$0
8
-0  6ﬃ1ﬂ ! 51  
*+ !ﬃ
3)$ﬂ?
Q
ﬃﬃ,!G0
ﬁ
 2A#$ﬃ
ﬁ
ﬂ 3=3 !ﬃ "'1(
Q
ﬃ!01 #eﬃ
Q
ﬃ
Q
81*+(+ 0p 92 #
JSJ>=   ? -
  { %     
   	@ "  
H	 j_   -	  
Hv    
 
0 ﬂ(+) 9:0N01ﬂ V51 M*+ﬃ 3= 0ﬃ3K5*B$#7(%9 +
%
$0
8
- 1
ﬁ
ﬃﬂ981*+P .ﬃﬂ
#}$
Q
 !'0ﬃ 3)$%ﬂ 9Gﬃ78Mﬂ &Vﬂ%9 ﬃ1
=
$*+pSﬃ0(+3=(+*+ﬃ 6'!ﬃ -$(+ﬃ*+
(ﬀ01Jﬂ($3B0&0B'ﬂ<*$ﬂ!'3 !7!G0.*+2 8;ﬂ
ﬁ
ﬃ! #eP
 E3	 6ﬃ1ﬂ !ﬃR51   #s1ﬃﬂ2 0B$ﬂ6

ﬁﬁ
 J/I1
	
0B$ *+ﬂr!P3)ﬃﬂ ﬃ4"Iﬂ6 3$*+27

ﬁﬁ
018* J/Iﬀ
	
 !, $n$h Vk'h!k'z.` ij`!hp`!at1y-k
`
Ib:Iahpmm%a"` 
Gorqe  `LadiEm7a `Lh `Lt:at4m`LhIz4k'h!w
l7a"`Lhij`!tA " n$t/mNazh `LbDi"faSorqe`Lt=vs  y1`D}qfdi  a"` tDk'qf n$tem mﬀk}b 
  jw 
 orq/ bdck%oLatﬀy=m`!h
+n l7 hh ay%aS`Lh `Ltem`!t &kﬀij`Lt1b1i"}`:zV'bbp`!t `Lat1y1`!yﬀ` 
1`Lt I`Lh m`LtP Vn$h 
Hat1y-k
1`<m`LhGVk'h!k'z`ij`!h
g$hm7aS`?pcVi"a" tBk'f"`!t.vMadi[wGn$t/m,v^afdiE`Lhxcshp  `m/n'hp`Lt.l  tte`!t;I`Laxij`!hp`vs`Ltbij`!h y1`  /te`i H`!hpm`!t
0 "I1*%
ﬁ
:9:2%!*$ @M$$3=ﬃ!ﬃ21  01C92 !ﬃ'(+ #%8 -$(+*%'* .?
Q
8
Q
6ﬃ1=0

8ﬂr9 3I0=" (
Q
 !0$#sﬃﬃ
Q
ﬃ; B$
ﬁ
80 $8O+ﬃB'
ﬁ
0ﬃﬂ018 0
%
/  $81ﬂ*+ #
9 63 !G0
ﬁ
ﬃﬂﬃ

8 0$ﬂP"H@   # " (+ﬂ9ﬃ* 0ﬃ
Q
8R#$($*+ﬃﬃ0 .?}!1ﬂ 6'
Q

3N8OF34$78ﬃ *+*$
ﬁ
 92 0I0 ﬂN 0ﬃR$#%!8ﬃﬃT5ﬀ(3 E9 $ ﬂ-$ﬂ (+1R0 -+ #
9Gﬃ0p!
=&%
#ﬂ (+3=(+*+ﬃ9ﬃ;(*T27 ;0 .   H /
= 
# 	$0 0 "H@   # .?'T*+ #

	ﬀﬂﬁ
ﬃ "!
$#


%
 
 &('&)!
*
 +

'&
#
'
$#
,.- ++/
#
&10

!&(-
#32
&
#
ﬁ &104&
#


&
#

5
!%
*(*76
-
*
&)'
#

#8

2
&)-
#9: 9;6
-+=<?>
 
<+@&10
#
.-
*(*
'A-$BC>

&(-
*
-'D


#
?EFGﬁH<
 
E

!&(-$ﬃ
#ﬃ*
F
*
I0J!%&10
$*
ﬁ
$#
B

0J!%
2
<
2%2
-0&

!&(-
# K6
%L$MN
#
!
*
&10O"!
:
FG?P
#
&(!.&
# $#
&(A<
#32Q
RS0O+-
#


&
*
'


#

8
B

O%
# $#
'
Q $T
!%
2VU
&
*
WBX-+

!Y
2K2
&(0OZ&
#Z[
	?&3\]&
*
^'
*
&)I!
:

#
&('
#
!
*
&10O
#ZU
&
*
Wﬃ


!
#  `_


W	.a!%Z-/b





&
2
!
2
-'
# $##
!Zc


6
-
$#
'
2
!
*)*
!Yd
#



#fe
!%&)
#
!%
#


!
#
{ %1	
'	
	^u	
 JSJLD
ﬂ 
ﬁ
ﬃ9:0PO3 1J0ﬃ92 ! @I(+*$!$3=34
ﬁ
 $81ﬂr:0 "I*%
ﬁ
?0ﬃ


Q
3P0ﬃ
Q
8
#$(+ *+ﬃ10-"H@  # .'!ﬃﬂ 6'
Q
:($E9210* .8 
Q
9Gﬃ
Q
8ﬂ6'
Q
2:51B'!#7 ﬃ9S  'ﬂﬂﬃ
ﬂ2$8O+ﬃ0ﬃ3 (* ﬃ92ﬂGﬃ,92 ﬂ!3Bﬂr!ﬃ 21 0 '($

*+8'!(+B-$(+ﬃ3M ! #V810
3M9(
Q
018ﬃF'8V0ﬃ @I 91ﬃ2-$ﬂ
ﬁ
8*$ﬂ#}$   #sﬃP
3 1 03M !ﬀ-+(+ *%$*6ﬂr!&1 - ﬃ-$ﬂﬃ01=3M !$*$(+  3=
Q
8

8ﬂr9 ﬃ1ﬀﬀ$  1#
3Cp!ﬂﬃﬂ
=
 ! +6$8O
=
01 $ 80 8 ﬃ . +6 +O+ 01ﬂﬃ3M !ﬃ#$ﬃﬂ4#''0S
*+ﬃ9 6ﬃ :9Gﬃ0ﬃP 3)$ﬂ #'N$10  8 ﬃ*+p! (#sﬃF9:0Bﬂ <0
=
ﬃ0 '

:3=3M4#
!ﬃ#$ﬃ*$ +O+ ﬁ -+(+ *+ﬃ9 6ﬃ D5.?'3C  $ﬂ ﬂﬃﬂ (+#}$

ﬁ
922-81*+ 0
=
ﬃO$9Gﬃ 2081
ﬂ !'!ﬂ !ﬂﬃﬂ
%
$8ﬂ1 
Q
%J*+6'P .ﬂ  '(+3
ﬁ
B}!($=9:8 06$8 21 G08-+($*+ #
ﬂ  !ﬃ "I *+
ﬁ
1ﬂﬂ $*+p9Gﬃ0ﬃ
!G  !ﬂ B$
QﬃQ
$ 0&@CB$
QﬃQ
$ 0ED*,(FB' -+($*+ﬃﬂ$*+)%0:@I$9ﬀﬃ2-+ﬃﬂ
ﬁ
8*+ﬂ #}$ =08=
Q
9203=ﬂ (+$ﬃﬂN@^($
8
(+3 $
Q
8

 80Rﬂ(+3=&
Q
8R13 *$ﬃ9:ﬂ ﬂﬃ+&!'0M0,*+ #
3Cﬃﬂﬂ ﬃ 8 ﬃ ?$8P0 !Gﬃ2?'8O+ B$
ﬁ
0ﬃﬂG8%ﬂ 8%!ﬃ /
ﬁ
 ﬃ#%!ﬂ 1ﬂ
%
$81ﬂﬃ
Q
8A 9-!ﬃ9/(+ P

8O+ﬃ0ﬃ3	#}$Aﬂ(0B'ﬂﬂrL'ﬂr!ﬂ @I$9ﬀ!$81ﬂﬃ 92 ! -$ 1*+r
9Gﬃ0ﬃP "Hﬂ<#}$F3 ﬃ7ﬂ9 &ﬃ0ﬃ

8ﬂ 9Gﬃ4Sﬂr!ﬃ0B$ﬂ +&!$00ﬂ@^($
8
(+3=ﬂ:*+ﬃ9 6ﬃ 
9Gﬃ0ﬃ ;"3=0ﬃﬂ ﬂ ,%? ﬂ (9: 0


Q
31-$(+ @I$9ﬀ 8301 0  Hﬂ
ﬁ
8*$ﬂ#}$  1ﬂ
%
'8ﬂﬃFﬃ 92 !rJ9Gﬃ0ﬃFﬂ (+[ E0ﬃ  H(+ 1ﬂ !ﬃ8*Nﬂ J0 3M !(%91(+4$8ﬂ *+ﬂB$ﬃ
8 ﬃF$($E9210*+ﬃ @^$!'3Cp!Jﬃ*$*+
ﬁ
ﬃ9:8 0)Bﬂ L' !p:0='<(+ #%!81<810
ﬁ
 #
ﬂﬃ:01#'(+ *+r!.?'!ﬃﬂ 6}
Q
&*$3A6$ON0ﬃ +6781*+ ; )ﬀ ) ?$);G)ﬀ+)S,%?H80 ; )ﬀ ) ?p
. "H *+
ﬁ
ﬂ 0B'!ﬃ9Gﬃ0ﬃC0B'3 *+ﬃﬃP3B(+3C' 9: 0

81ﬂ*%$1*+ﬂ0B}! ; .	  H /
=
?
803C J0ﬃFﬂ 
ﬁ

$0ﬃ1S(+3C'!(+ﬃ.$8M0=3Bﬂr 9'&*+ﬂ
ﬁ
P
Ns8 '<(+ #%!81GﬂG
Q
.?'!ﬃﬂ!}
Q
ﬃﬂJ

8 $ﬂ8*-$(+ × -.?'981#%!
80&)S) 5127
ﬁ
ﬃ $!*+3=(ﬀ0ﬃ6@ HGﬂ<

ﬁ
 6$*+*+#$ﬃ -$(+ 01<@I(
Q
ﬂﬂ (+ﬂ !81*
9Gﬃ*$
=
781!ﬃP
!#"%$'&($&  03+%5 4 -/2 -		-7ﬀ 2
 EP'6ﬃ9O)ﬀﬁ ):9:80J01

ﬁ
 $81)00'<(+ #%!81V3C ﬂ
=
ﬂ#}$B'3=(ﬀ081 '(+
ﬁ
ﬃﬂ
0B$ *+ﬂr!ﬂ ER0ﬂﬃ3

ﬁ
ﬂ19:0R$8105+&ﬃ9:1-81*>0ﬂR'<(+ #%!8 0B'ﬂ'
Q
ﬂ
80.0	 E%!ﬃ*+!}!($40ﬃﬂ

*$(+  3N81ﬂ ,0B$ﬂ
ﬁ
ﬃﬃ!ﬂG 9 6ﬃ%6@H (+*+$3C3 ﬀﬂﬁﬃ "! #&%(')'
*+*+$*+ﬃP

30O 
#
BX-%+

!&(-
#

#
R

 &)
6
%	.
#
!<^B
#ﬃ
O+4!%0O
#
&
5

#
!Oﬃ
*
!
:

#
 ﬁH> \
2
&
#
 
2 [: UA:
TE
Y
TR
Y3<^B
#ﬃ
O++

!%&ﬁ Yb3-
8

#

e
O
2

#5
-W&)%&(0O"!%
#
'
J5)I   ? -
  { %     
   	@ "  
H	 j_   -	  
Hv    
 
R F
g p h
g f r e q
A u s l .
a ) b )
R F
g p h
g f r e q

ﬁﬁ
018*J/Iﬀ , s`Lhp`!atg"k%orqeiE`Lb )orqe`!z,k

k >`Late`Lh,h `!y)n'f 'h `Lt 
H jw &k1iE`Lt)k1n'g t)k'qz.`az
s`Lhry%f"`!a"orq6zCaxi


 Hm`!h,Nn$g t)k}qz` m`!h
 
 hh `Ll/in'hpmﬀk1iE`Lt g$hVm7a"` A`!qhl'k't)k}fz.ﬀm/n'f k1i"a" tp_<`!a
m`Lhhp`y)n$f 'hp`!t Nn'g t)k'qz.`CIahpmAk1n-orq 
1`La:IaS`m`!hqe fxij`!t Nn'g t)k'qz.`LtRm`Lhbp`!f 
1`Lt )orq1a"orq/i
az=z`!hm`Lh<y%f"`!a"orqe`* `jceq)k'baS`Lhry%hLk7m%a"`Lt/i at Iq)k}bp`Lt1l--m7a"`!hhaSorq/in$t1y.yﬀ`LbporqBk'fdiE` ij|Vn$z k't;m1`Lt
1n ﬀ`!hp`!t k'temTm1`Lb l-w k1n$z=bN+n>y1`Lf k't1y1`!t n$tem t mhDim7aS` Nn'bf"`!bp`C+n 
1`!y%atte`!t Et
?`y1`Lt1bLk1i"&m-k'+n Iah mNg$h m7aS` Nn$g tBk'qz.`<m1`Lh
 
 h hp`!lei n$hpm-k1ij`!tm`!h  `Ecsq)k'b a"`!h y%h!k7m7a"`!t/i g'h

`m` $nl7 hh ay%aS`Lh `Ltem`Borqa"orq/i:at
2Ny − 1 )orqhaxiiE`Lt ﬃk}haaS`Lhiﬃ?k7orq Ny )orq1hadi ij`!t

hp-iE`
 k'h l-aS`Lhn$t1y n$t/m Hgx`!af VabDi/yﬀ`Lt)k1n6m7a"` 
HatbDiE`Lffdn$t1y m`Lh^hp`!yBn$f 'h `Lt 
H jw  n$g t)k'q1z` `!hh `La"orq/i ﬀ
t)k7orq Mq/`Lt  %{ 

01ﬂG$ﬂ
ﬁ
/0 '(+ #%8G3= !ﬂ @'$ﬂﬃ#}$ ﬀ0<3 !G0$83 ﬂrL' 

01ﬃ 79: 0
0:'($ﬃ#%!8
ﬁ
ﬃe0ﬃ
=
& #''B$3=(-08 }!($ 9 6ﬃ 040 
ﬁ
 2181*N0ﬂ -+
Q
ﬃ 
"H@  # !G0ﬂ  0#%#
%
$83 ;+6[ ; )ﬀ+) ;%?? 08 *+ﬂ21 S.ﬃ
=
(ﬀ018 '(+1ﬂ"$#%!($
F (x, y, t)
#$(+3>9/ﬂ r0B
ﬁ
 *+B'8 0ﬃ @ B$ﬂ Sﬂﬃ !ﬃ3
Ψ(x, y, t)
'8ﬂ+&ﬃ78*,;G)ﬀ+)KJ ? >Ns8
+6p9:781*B-+(+
F (x, y, t)
3N8O -$(+?(-0BﬃA0ﬃ?*+%!ﬃ "H@  #%ﬂ 878* 21
 0
Q
8 #'(+ *+ﬃ02512%M0ﬃ
Q
92013=ﬂ (+B'V#%#
%
$83 ;
kx, ky
?
Q
8ﬂ 6$3 !2 Nsﬃ#
98#%
l ·∆t $8S*+ﬃ(+3=3Cﬃ,9Gﬃ0ﬃP 
ﬃ 21G*$ﬃ:ﬂ   8SBﬃ13Cﬃﬂﬃ349:?

ﬁﬁ
018*ﬁJ/I1+,
ﬁ
0$*+ﬃﬂ  D "Iﬂ<%!ﬂ927?1<
ﬁ
*+p9 '0 !ﬃ "H@  # .?'B$81SBﬃ3=
;"ﬂﬃ

ﬁ1ﬁ
 J/Iﬀ ,$%?p .<%! ﬂ0
ﬁ
ﬂ &%60B$ /0B$O40N5ﬀ&ﬁ78ﬃ
Q Q
8 +&ﬃ9:78*.0ﬃﬂ
'(+ ﬃ#780'!ﬃﬂ!'
Q
ﬃﬂ ﬃﬃ -'$  
ﬁ
 .ﬂ9B$ﬂ ﬃ8*$ﬂ*+$0ﬃ%!;A@ B$ﬂ #'(ﬀ01 21#
!81*$8 92ﬂ DO.ﬃﬂﬃ 0ﬃ%
Q
81 '(-0ﬃ81*N0G@ B$ﬂﬃS&1ﬃ)5ﬀﬃI1
=
(+3=% 9:0B21 
 0
Q
8R#$(+ *$ 015127=
2Ny − 1 5* !ﬃ(-+(+ −3Ny∆ky2 ﬁ
ﬂ Ny∆ky
2
-$'rD
6ﬃ;*+$8
Ny
51 ;9:0 0 .ﬂ9B$ﬂ  *+!'0ﬃ7 ﬂ(F*+ﬂB$ !ﬃ9: ;0ﬃ  *+8*#
{ %1	
'	
	^u	
 J5) J
K L
A B
E F
C D
G H
I J
k x
k y t

ﬁﬁ
018* JLI1   Borqe`Lz4k1i[abporqe` &k'hbij`!ffdn't1y m`!h
 
 hh `Ll/in$h mﬀk1iE`Lt +`m` m1`Lh
2Ny − 1
Nn$g tBk'qz.`Lt m1`Lh
 
 hh `Ll/in'hbp`1n-`Lt `!h y%a
1i`Late` 
 
1`Lte`az m7h `LaSm7az.`Ltb a" tBk'f"`!t l-wk1n'z 
a"`?y1`Lb!k'z.ij`ﬃ)`1n-`!tCg'ffdi mﬀk'b/?k1ij`!t  fdn'z`!t ?_ 	 
 
H 
Iate`&l- t  `!t/i[a"te`Lff"` 
H jw
Nn$g tBk'qz.`| IaS`&kﬀn$b

1{  % ~ k7|s`!tei"bdcsh a"orq/i m`Lh
 
`!te` <u
 v/ﬀ)t)k7orq  Mqe`!t  %{  
 6$ Q" @  #j5ﬀ&ﬁ78ﬃ
Q
;

ﬁﬁ
 J/I1+,
ﬁ
?p 3 04@ B'ﬂ1S&N0ﬃ "H@  #r5ﬀﬂﬁ78
Q
(ﬃ91!34$
Q
8
ﬁ78B$%!

Q
ﬃ$3 8O&0 '(+ ﬃ#78ﬂ &ﬁ78ﬃ
Q
01 ﬂ 
ﬁ
=5-&ﬁ78
Q
9B$$3=ﬃ!ﬃV9: 01
Q
8#$(+ #
*+ﬃ10-"H@  #r5ﬀﬂﬁ-81
Q
$8 92ﬂsA.?$3=&ﬂ 0>ﬂ6$3 !!G0*+
ﬁ
8*+ﬂ9B$!'3Cp!ﬂe9:
Q
 ! " (3#280
%
&9/ﬃ! !(+ﬂ
Q
  1018F0="H@  #r5ﬀﬂﬁ78
Q
Sﬂr!*+ﬃ*'D
=
 
<4SV0ﬃﬂﬃ8B' !*+
=&%
#r5ﬀﬂﬁ78
Q
9: 0 21 0
Q
8 #'(+ *+ﬃ0 511%Mﬃ60 4#
03=1ﬂ($B$ﬃ # #
%
'83 0 .3=ﬂ (+1
kx, ky
810
t
$8S*+ﬃ(+3=3CﬃP("I2ﬂﬃ34'ﬂ
.?$ ﬂ !ﬃ8*<0ﬃﬂﬂ #%#
%
$83=ﬂ
Q
*$

ﬁﬁ
 JLI1 ﬀ/.?$ﬂ
=&%
#j5ﬀ*$B$  ﬃ0@9B$ﬂ  -+ﬃﬂ(
ﬁ
ﬃ
"H@  #

8Sﬃ3=J*$
ﬁ
Hﬃ!"
ﬁ
:30ﬃ03Cﬃﬂ(+B$ # #
%
'83F%5ﬀ(6&91 6$ﬂ %! 
Q
 !
0R"
ﬁ
 '    BF01

8Sﬃ3==3=6013 #7ﬂ  .&9B$ﬂ 8*+ﬂ *+!$01% 810 0
"
ﬁ
ﬃ=H .

! 0

8SBﬃ13C<3C  03 *+ $O$!ﬃ.ﬂ9B$ﬂ  8*+ﬂ *+!'0ﬃ7PO.<(' 3C$ﬀ#
#7r!:"
ﬁ
ﬃ + 
 " 3A%!ﬂ927G02#$(+ -$%!(+ﬃ"H@  #

81SBﬃ3=$ 63,0
2Ny− 1
51 ﬂr:0B$ﬂJ*+ﬃﬂ!$3 !=.?' -+($83=

! H .	  BS'  $8S*+$21 DK3 1J092  '<(+ﬀ#
ﬃ#78 9201-81J0 .'!ﬃ.3 *+!$81871ﬀSAH . " 3@+ 
   B=01 +& +O$
Nx ×Ny ×Ny
ﬁ
ﬃ $*$5.?
Q
8N92 0
Q
8 6ﬃ1ﬂ 
Ny
#'(+3>9 91 !G0ﬃ^'8ﬂM0ﬃN#%#
%
$83=0B' 3 *+!'83
871 SﬃH*+ﬃ92(+ﬃP .=#$(+3>9 9ﬀ"!2016%!ﬂr!ﬂT081
Q
9203=1ﬂ($B$P3B(+81ﬃﬀ#
!$ﬂS($3C'!(+
kx
#
ky
# "
ﬁ
1ﬃ
ﬁ
ﬃ)0  01ﬃ
Q
1 Nsﬃ
Q
83 ﬂ 
ﬁ
>Sﬂr!4@I8#%
J5)S)   ? -
  { %     
   	@ "  
H	 j_   -	  
Hv    
 
t
$860ﬃﬁNs Lﬃ1ﬂ>$81S*+($3C3=9:810'

81ﬂ.0ﬃﬂ !2010B'!ﬃﬃﬂ &ﬃ 0$
Ny
@ B$ﬂﬃ#}$ 
F
08 
F (x, y, ξ) =
Rξ exp(iθξ)
Rξ
,
; JLI1 J.?
9G(
ﬁ
ﬃ
Rξ exp(iθξ)
0B$ﬂ>9$9ﬀ 9Gﬃﬂ ﬃ Hﬃ 6$ !ﬂ 0ﬂ
ξ
 #$(+3>9 9ﬀ !201ﬂ
Q
83 ﬃﬂ 
#$(+3>9 9ﬀ !G080
Rξ
0ﬃ

ﬁ
ﬂ($81
ﬁ
p!!'*=01ﬂ ﬂ H6$ﬂ ﬂﬂ:ﬂ D . '(+ #%80B #
!ﬃF#+ﬃ $ﬂO+ﬃ0(13=J04-+ﬃﬂﬃ?3M!'*+(+ 3Cﬃ ;"$  3=ﬃﬂ1ﬂ
=
 !ﬃ 
+'8O
=
ﬃ0 $80ﬃ8 ﬃ ?:*+ﬃ*+ 6}!p:9Gﬃ0ﬃP
=
<0
=
&1#}$B$3C(-08'!(+.$81ﬂ +&x
;G)ﬀ+) ;%?:80A0ﬃ3 .?'ﬂ'
Q
F (x, y, t)
9: 0 0$ﬂ -+ﬃ
Q
r!"H@  # !G0>$ﬂO+ﬃ0A#$($ #
*+ﬃ 
.>

ﬁﬁ
 JLI1 ,
ﬁ
-$(+*$ﬂ ! '<(+ #%!81ﬂﬂﬁ78
Q
9:801 $81+&810 $*$ ﬁ"H@  #
@I(-08#%!ﬂ &ﬁ78
Q
;" :&9 )'0 
ﬁ
(+0	?=0ﬃﬁ3M 34 5ﬀﬃ3Cﬃﬂ 21,01
ﬁ
0 J%+, ﬂ # 810 ﬁ ﬂ #
ﬂ^($3C(+*$!ﬃ91  D$ﬂ rD!.?
Q
8 9:8 0 0ﬃ .&9B$ﬂ *+!$01% 21 0 @ B$ﬂ #'(ﬀ01 #
278*TﬃB$
ﬁ
5*ﬃ2S?1
ﬁ
.01
%
&9/ﬃ!(+ﬃ 
2Ny − 1 5* !ﬃ -' #
r V92(
ﬁ

Ny
01

8 +ﬂ 8*T @ B$ﬂﬃ#$(-0 %!81*TﬂrD . 5ﬀ&ﬁ78ﬃ
Q
9B'!$3=ﬃ
21 0  ﬃ92*+
=&%
#ﬂ (+3=(+*+!39T9: " (
Q
  ; J%+,
ﬁﬂ**,ﬁSI$3=ﬂ? 
%
&9/ﬃ! !(+ﬂﬀ#
Q
ﬃ ; J%+,
ﬁﬂ* ﬁ	S)1+,'ﬂ ?$K3Mﬃ04(3  ?p9 ;G)S, × )S,$3=3 2 ?$51%0L#'>; J%+, ﬂ%ﬁﬂ* ,
ﬁ$3=3B?$
5127!
ﬁ
ﬂrL$0(; JD3=3 ? 

8 +ﬂ81*,F@ B$ﬂ #'(ﬀ0 %8* ;
Ny =
=(ﬀ0ﬃ J/)= ?$ "H@  #
" (%
ﬁ
ﬂrL$10 ;S%!ﬂ9ﬂ0
TE
80
Ny
?ﬂ (9: @^($ﬂ(+ 80


Q
ﬃ ; J% ,ﬁﬂ* ))
ﬁ  ?
0 512%! 92 0Tﬃ%!ﬂ91&10R0ﬃ 210C
=&%
ﬂ # %!ﬃﬂ 878*A*+781
Q
 "H@  #
5ﬀ&ﬁ78ﬃ
Q
*+ﬃ9 6ﬃ D/.

8SBﬃ3=
Q
  0A'<(+ #%!8 ﬂﬂﬁ-81
Q
*$P$3J%+, ﬂ # ﬂ^(+3=(+*+ﬃ9ﬃ
03=Bﬃ
Q
9:ﬂ  +) ;'3= 80J5) +,KJD3= 21Vﬃﬃ-.?'ﬂ'
Q
3=^

8 $ﬂ8* -$(+
Ny =

ﬁQ
96KJ5)='$3 ﬁﬂ #ﬂ (+3=(+*+ﬃ9ﬃ
Q
9:ﬂﬃ,  )$3C 810J/I ﬁ ?3= 21 MP. #
!ﬃﬂ!'
Q
3C J

8 +ﬂ 8*A-$(+
Ny =

ﬁQ
96 J5)=1
 E '39 JLI1 )- J 9:810
ﬁ
ﬃﬂ&0B$ﬂ6@I(+*$!$3=3 ﬀﬂﬁﬃ "! #&%(')'C-+(+ *+ﬂr!
.ﬂ(-
ﬁ

ﬁ
ﬃﬂ 
ﬁ
ﬃ
=
p (-0
Q
8 '<(+ #%!81M0ﬃ "H@  # !G0ﬃ 9:8 0G
ﬁ
ﬃ"$ﬂ  0$ﬂV@I($*+!$3=3
3>9ﬃ3Cﬃ%!ﬃ  "
ﬁ
1ﬂ(9:
ﬁ
e0 @'$ﬂﬃ#}$ 3=ﬃ(ﬀ01&Bﬃ B$
QﬃQ
$ 0#}$1.34$
ﬁ
ﬃ
0'($ﬃ#%!8=3C ﬂ
=
& #''B$3=(-08 }!($Tﬂ 6$3 2@I(+*+$3=3A9B'!$3=ﬃ
ﬁ
ﬃﬂ
ﬁ
ﬃ3 @H (+*+$3C3C$8S 8 1
ﬁ
*$
ﬁ
=(ﬀ0ﬃH1<%!$#%!4-+<@I(+*+$3=3 -+ﬃﬂ(+ﬂ !$ P 3 1 
0,5
8
%L(9 0ﬂ @I (+*+!'3C3C$8S 8Sﬂ6ﬂﬂ

B$* !  E3 3)$H0ﬃ %!'#72-$  H ﬂ(+
#eﬃ&ﬂ >0B'ﬂ?

ﬁﬁ
 JLI1 ;40$*+ﬃﬂ  ! 3)ﬃﬂ ﬃ 3)$ﬂﬃ-3^ 8*401ﬂ='($ﬃ#%!8 #
0B'ﬂ'
Q
ﬂ
F (x, y, t)
*+ﬃ9!11ﬂ%ﬂ &1#}$.3C$  01ﬃ3M !ﬃ 
8
9,80.01 3M*$ +O$
{ %1	
'	
	^u	
 J5) ﬁ

ﬁﬁ
018* J/I1 ;  !,+n$h4Vk'h!k'z`ij`!hp`Lat1y-k
1` Hv/k'ffb4`Late`v^afdiE`Lhn$t1yRm`Lb
 
 h hp`Ll/i n$hpmﬀk'w
ij`!tbLk1i"}`!b
F
yﬀ` $tb orq/i<abDij|l$k}ttAz,k't m`!t vMafxij`Lhi +c n$tem m7a"` vMafdiE`Lh y+h" ﬀ`N}qf"`!t aS`
tDk'qfm`!h +nAl- h hay+a"`Lh `Ltem1`Lt &k1ij`!tbﬀi[}`4z.n  `!at1y1`y1` 
1`Lt n$tem az t	7orqbij`!t )orqh adi i
k1n$bry1` 'qfxi:I`Lh m`LtP
9 63ﬃP

8;0


Q
ﬃH0ﬃ
Q
8 #'(+ *+ﬃ0ﬃQ.?}!1ﬂ 6'
Q
43 8O$*+ﬃ*+
ﬁ
 9Gﬃ0ﬃP
.<5*9eﬃﬃ(+r!<0 '($ﬃ#%!8 0B'!ﬃ4810C0ﬃ
Q
8=#$(+ *$ 01" @  # !G0M92 043
 6ﬃﬂr!ﬃ>51  :ﬂ9/
Q


Q
rD
6ﬃ103 $ ($E9210*+ﬃ @M$$3Cp!ﬃ
ﬁ
#}$%6ﬂ0
ﬁ
ﬃ*+%&0$ﬂ&@I(+*$!$3=3 0 -$ #
Q
ﬃ  "H@  # !201 *+3A6$O,+62-81* ; )ﬀ+) ;%?
Q
8 #'(+ *+ P . Sﬃ *+ﬃ.?'ﬂ6'
Q

9Gﬃ0ﬃ>0B$ 3 *+1?3B(+ 34}J9: 01

8ﬂ *%$*+ﬂ 0B' ; .	  H /
=
?80 3C 01 ﬂ 4#
ﬁ
ﬃ 
<D$01S(+ 34'(+1.$81V0=3)ﬃﬂ 9 ' !&*+ﬃﬂ9/2rD
Ns8 '<(+ #%!81GﬂG
Q
.?'!ﬃﬂ!}
Q
ﬃﬂJ

8 $ﬂ8*-$(+ × -.?'981#%!
80&)S) 5127
ﬁ
ﬃ $!*+3=(ﬀ0ﬃ6@ HGﬂ<

ﬁ
 6$*+*+#$ﬃ -$(+ 01<@I(
Q
ﬂﬂ (+ﬂ !81*
8008+& +O$&0ﬂ


ﬁ
ﬃﬂﬂ9/2 ﬂﬃ*+65-80ﬃP
J5)   ? -
  { %     
   	@ "  
H	 j_   -	  
Hv    
 
!#"%$'&($   0 .	7@5 0 5  2

3 !2*+ ﬃﬃﬂ
%
*$ﬂ 81*+ﬂ-$ﬀ"ﬃﬃﬂ&<0B$ﬂ
Q
92 !G0ﬃ.0ﬂFﬂ
ﬁ
ﬃ /
ﬁ
 ﬃ#%!ﬂ 
.&L#781*
ﬁ
*+ﬃ=ﬂ (++ﬂ &%23=3CﬃV
=
ﬃ(ﬀ01ﬃ70:0!'(+ ﬃﬂ9/(+0ﬃ
Q
ﬃ.$8ﬂ
ﬁ
ﬃ0ﬃ
!G0 
ﬁ
ﬂr!3C3 

B'0,0ﬂﬃ '($ﬃﬂ9/(+0ﬃ
Q
ﬃ# +1$ﬂO+ﬃ0,0@^$!'3C #
!ﬃ 2121?*+($3Cp!ﬂﬂ^$ﬂﬀS(+3C'!(+%921?0B$ﬂ -$
Q
   !G0,$8 0$ﬂ
%
ﬂS 
Q
#
ﬁ
0  *+ﬂ ! ﬃ  
ﬁ
ﬂr!3=3 9Gﬃ0ﬃP  E0$ﬃ 92ﬂ ﬂ(+ 0B'ﬂ

8 =01A0  '03C$#'
$81(+34}!ﬂ.80(% "I1*+$# -+($ $81O+F
ﬁ
$8Ss
 E3
%
ﬃ13CﬃN0ﬃﬂﬃ


ﬁ
ﬃM9:810J8%V0ﬃ  !8*8-+(+RB$8 $
=
' !ﬂ -+(+0ﬃ9 2-''!ﬃ
4-+ﬃﬂ 6' 21 3=01
Q
ﬂ  ES(+ 34}!#80 ﬂ^ﬂ# ;
=
 ﬂ ?6  E1ﬂ
ﬁ
 8L#  @I( #
*+!'3C3 %E9:L#'80 *$ﬃ!ﬃﬂ ﬃ /0B$ﬂ  $03C$ #$ $81(+34}!ﬂ

0 80 01ﬂ  0$
Q
8 '<(+ #%!87-+(+Q"H@  # !G0 ;781
Q
ﬃ ﬂ($x
. *+ﬂ$3 !- H(+ *%$*0ﬃ
%
*+ﬂ ﬃ81*
 6$81 J0B
ﬁ
 -ﬀ51  !F
ﬁ

J+ EA3  ﬂ !ﬃ;51 ?92 0  $03C$#'>3 -$
Q
  !ﬃQ"H@  # .'!ﬃﬂ!'
Q
80
0ﬃ:8 -+
Q
ﬃ 
%
ﬂSﬃ
Q
;
Q
 !/5O" #2(ﬀ01"ﬂ<5O" # .'!ﬃ	?
ﬁ
ﬂr!3C3 
)ﬀ!. "H@  # .'!ﬃ 9Gﬃ0ﬃT3C  
2S0ﬂﬃ  $1034'#$ﬃ  6 $e*$0ﬃ
; ﬂ^$ﬂ'!(+>80
%
($L'(+ ?(ﬀ01&ﬂﬃ3C #E *+0 ; ﬂ^$ﬂ  '(+
%
('L'(+ 810 5-#' #
 8* ? ﬂ !$ﬂﬀS(+3C'(+ $8SB$01M *+ﬂ ﬃ  .$3C  # +1
Q
 !%!2ﬃ92*+81*+
0ﬃﬂ /
ﬁ
 ﬃ#%!ﬂ<#$($*+ﬃ  92 0s
ﬁ1!6ﬃ0J $7ﬂ^$ﬂS($3C'!(+49201
ﬁ
015!G0ﬃ,(*3C$ﬂG$0ﬃ
ﬃ7ﬂ9 &ﬃ0  $1034'#$ﬃF*$ﬂ87

=
 &
Q
9Gﬃ C1 ﬂ^$ﬂS($3C'!(+F92 0;0-"H@  # .'!ﬃ;'8G01
%
ﬂS #
 
Q
0B'!ﬃ  *+ﬂ ! ﬃ D
Ns83

8 =040  $03C$ #$Cﬂ ;1 
Q
Gﬂ 40$ﬂ @H (+*+$3C3K$8Pﬂ (+*+ﬃB$%!&ﬃ!ﬂ	


"'#"ﬃ	80 &ﬃ!ﬂ	
 ﬃﬁ ﬂﬀ(
	
 p0. +&!$8%92r!0B' ﬃﬃﬂ
=&%
# .'!ﬃﬂ!'
Q
ﬃﬂ,# +*#
 %! 9p! C9Gﬃ0ﬃ $ﬂ 3)81#%!($
f : Rd → R>0; d = 2, 3 . "I "I1ﬂ8O ﬁ $#
ﬃ (-0&"Hﬂ18O ;S*+[ ﬃ(+

ﬃ? E(h) -+(+ f 01 
 ﬃ h ﬂ  0  ﬃ  $ﬂ  #
 Ns8ﬂ!'3C3=$*+ﬂ #$(+3>9e($%!T01ﬂ 
 %ﬃﬂ1 !ﬂ Sf (h) -+(+ f Q 8 
 ﬃ h 3C 
Sf(h) = {p ∈ Rd | f(p) ≥ h}; h ∈ R>0 ;"ﬂﬃ

ﬁﬁ
 JLI1 =$ ?p
3 1
h2 ≥ h1 *$ S(h2) ⊆ S(h1)   Eﬂ ﬁ ﬂ (+0ﬃC*+ &$8) 0$Oﬂ 21  0ﬃ "I1ﬂ8O
{ %1	
'	
	^u	
 J5),
(0,1)
(1,1)
(b)
(0,1)
(1,1)
h
h
h
Einschluß (1,2)
Knoten (3,1)
(2,1)
Grauintensität I = f(x,y)
(2,2) (2,1)
(a)
h
(1,2)
(2,2)
x
y
3
2
1
0
Einschluß (3,1)

ﬁﬁ
018*J/I1=  ?k'hbij`Lffdn$tﬀy,k &m`Lh ` tadi"a" t  tFu qe`!tbporq1tadi ij`Lt n$tem 
Iatb orqf$b bp`!te|
bp'Ia"`
 &m1`Lz `Lt/i"bdcsh `orqe`!tem`Lt 
Iatbporqfa"` Bn$t1y%b 
+k1n$zVﬀ)t)k%orq    k1i ij`Lb  %{  
E(h2) 0 
 ﬃ h2 *+ﬃB$81 "Hﬂ18O E(h1) 0 
	% h1 *+ ﬁ :3= E(h2) ⊆ E(h1) 
5ﬀ(+3=
ﬁ
0ﬃ $ﬃ"Iﬂ 1ﬂ ﬂ>ﬃﬃ4*+ﬃ*+
ﬁ
ﬃ

8 +ﬂ81*.3C ﬂ
=
ﬃ*+ﬃ#78ﬂ(+
 ! $813Cﬂr!81#78&M04$ﬂ-"IﬂﬃO+8*+ﬂ
ﬁ
$83 ;"ﬃ*+[ ($

ﬃ3Cﬃ7ﬀ#d ?
ﬁ

Q
ﬃp
9: 0 @
=
' !ﬃﬂ IOJF[ .ﬂ:ﬂr:

ﬁﬁ
018*J/I1=
ﬁ
-+ﬃ!$1ﬂB$81%
3 10C3Cﬃ0
Q
ﬂ>!G0*$
ﬁ
81* ﬂ ;0 
 ﬃ%92 .0B+&!$8%92 ,0ﬃ E%!ﬃﬂ #
6'ﬂ-$ 8*0ﬃﬂ !G0ﬃﬂ60B$ <%!0ﬃ  H(+$8ﬂ ﬂﬃ
Q
81*^0$OF01A+6$8%9Gﬃ -+r!ﬃ81*
Q
9:ﬂﬃ-+
Q
ﬃ P"H@  # .?}! 80 *$(+3=ﬃﬂ #'(+ #%!ﬃ
%
$S 
Q
0B'!ﬃ ;S92(
ﬁ
K'(+1#
!$ﬂ  6$0ﬃ8*$ﬃ$8
ﬁ
 ﬂ 0	?NﬃB$ !ﬃ
ﬁ

ﬁ
ﬃR3N8OV#}$1 *+ﬃﬂ(+ﬂﬂ 92 0) 0$O
>!(%9/(+($*+ﬂ ﬂ^$ﬂﬀS(+3C'!(+
φ
 9ﬀﬂ !r J9Gﬃ 0:!G$83=ﬂ ! 8#%!8ﬂ "I1#
ﬁ &)!ﬂ<3L
2

#
'
 X6
-
#
R>0
	

[
&(0O
#
4!ﬂ+
#
&
#


B
2
!&('
#
/cLO
#
BX-
*
'
(hk)
r
k=0 (hk1 < hk2
Y3BXR
k1 < k2

+&)!
h0 = 0
:
J5)   ? -
  { %     
   	@ "  
H	 j_   -	  
Hv    
 
ﬂﬃO+8*+ﬂ
ﬁ
$83=ﬂ&  6$ &80A0P"Hﬂ1 1ﬂ ﬂ 0ﬂ6ﬃﬃ:!201ﬂ?>0ﬃ7ﬂ9 &ﬃ0ﬃ
"Iﬂ 1ﬂ ﬂJ0ﬃﬂI$01ﬃ>!G0ﬂ !$ﬂS($3=rD(.ﬂ"ﬂ !'ﬂS(+ 34}!($
φ
$*+p9Gﬃ0p $8
0 "H@  # .?'ﬂ'
Q

Q
ﬃ8*$<0B$ﬂ:#$($*+ﬃ  !G0P
Ns83

8 =01R0  '03C$#' 9201
Q
86ﬃﬂ -$(+
ﬁ
01 .?}!1ﬂ 6'
Q
 0"I1#
ﬂﬃO+8*+ﬂ
ﬁ
6$83=
ﬁ
ﬃ&1ﬃ
.51%92918#%! 0ﬃ0B$018 *$ﬂS801ﬃ "Hﬂ1 1ﬂ ﬂ
ﬂ 60ﬃ

8ﬂ*%'*+ﬂ918#% 21  0$ﬂ9Gﬃ!ﬃ0 H(+ *+&ﬃ 0$  E3 S($*+ﬃ06ﬂ ﬃ G(A)
ﬁQ
96
G(B) 0
=
*$'ﬃV5*792 98#%0ﬃ "Hﬂ1 1ﬂ ﬂ<$8ﬂI0ﬃ3 "I1ﬂO$8*+ﬂ
ﬁ
$83 -+(+
.?'ﬂ'
Q

ﬁQ
96 ! 810 Gbif (A) ﬁQ 96 Gbif (B) 0 = 1*+6$G51%9Gﬃ981#%!0!"I*#
ﬂ 1ﬂﬂ ﬃ70 0 #%%  H
Q
92*+8*+ﬃ ;S*$x
ﬁ
4S8'!(+	? 0ﬂ "IﬂO+81*+ﬂ
ﬁ
$83=ﬂ
-+(+&.?'ﬂ'
Q

ﬁQ
96)! '8 ! ﬃ!ﬃP .?
ﬁ
 ﬂﬃ

0B$ﬂ
Q
8 #'(+ *+ﬃ080 ! 0B$ﬂ<*+( #
3Cp! ﬂ#'(+ #%! !G0P
Ns8 6ﬃ1ﬂ J9: 0  0ﬃ3 @I8#%<$81ﬂ Gbif (B) 0ﬃJ 6ﬃﬂr!*$0?@H81#%'8ﬂ G(A) Q 81*+(+ 01#
ﬃ*.ﬂ -$(+6$8

*+3+*+ (
ﬁ
 Ns81(+0781*9:0 3  6ﬃﬂr!ﬃ.51   21  0ﬃﬂG@I81#7&9B$$
$8ﬂ *+ﬃ92r!ﬃ*Ns8 0ﬃﬂ3 Ne92&L#9:802 ﬂ 8#%8ﬃﬃﬂ

ﬁ
92278*+ﬂ 34$O&ﬃ%E9:L#$ﬃS"Iﬂ
ﬁ
$ﬂ r<$8M13  Hﬃ*+0ﬃ '<(+%!8 0:"Iﬂ 1 ﬂﬂ3)0
Q
80ﬃ
ﬁ
01 51%9Gﬃﬀ#
98#% *+ﬂ +  @
=
' !ﬃﬂ IOJF[ B$0ﬃﬂ.@I8#%!ﬂ9B+$ﬂH0ﬂ ﬂ

ﬁ
9Gﬃ78*+ﬂ 34'O 
ﬁ
 #
ﬂ 3=3 !ﬃR8;r 1
ﬁ
 ﬂ ﬃ&19: 0C9:ﬃ02*+ +ﬂ%

81 +6 80$*+<0-+
ﬁ
ﬃ
ﬁ
01
 $03C$#'1#E@M+'?9: 00B$06 C1 ﬂ !'ﬂS(+ 34}!($
φ
*+ﬂ 8%D
. 5ﬀ8>ﬃ 04(%91!34' ﬂ^$ﬂﬀS(+3C'!(+
Q
9:ﬂ !G0

80 ! ﬂr 1 
Q
.ﬂ 
$801
=
3C81*60:5-83C3=<0 ﬁ-8$0!}!ﬂ

ﬁ
ﬂ  6$0&01G#'(+ ﬂ9e(+10ﬃ10
@I8#%!
Q
8B$0ﬃE.$ﬂ:@I(
ﬁ
3  6$O' ﬂ2 S(+*$0ﬃ3C$O+ﬃ
ﬁ
ﬃﬂ 
ﬁ
ﬃ  +6ﬃ*+
ﬁ
.ﬂ  #

n
$0ﬃCSﬃﬂ 
Q
81*+(+ 0p!F@H81#% 9B+'
(P1, P
′
1), ..., (Pn, P
′
n)  
3=
Pi = (xi, yi)
T
80
P ′i = (x
′
i, y
′
i)
T ; 1 6 i 6 n
A.?$A9: 0 01ﬀ ﬃ*$P3)81#%!($
φ
 &96$ﬂﬃ7ﬃ  08
A =
(
a11 a12
a21 a22
)
810 B =
(
b1
b2
)
*+ﬃﬂ8% /0&0 3B&
n∑
i=1
||(APi + B)− P ′i ||22 =
3= ; J/I1+)%?
3C3=ﬃ 
.ﬂﬁ3B81#7(+ #''T08 T15ﬀ1*+8 6' 92 
Q
ﬃﬃ*+8*F*+ﬂS810T92 0
@ @I ﬂﬂ;D*) F[K6ﬃ4ﬃﬃH181ﬁNs8($078* #$(+ ﬃﬂ9/(+0ﬃ0ﬃ @I8#%!3=1*+,#}$140
*+ﬂ$3 6@H (
Q
ﬃ08<!}!2-=9:ﬃ0 (+ J9Gﬃ0ﬃP
3 1<0 "-$'8B'(+0ﬃﬂﬂ(-
ﬁ

ﬁ
ﬂ
ﬁ
ﬃ

*$(+  3N81ﬂ<3
%
33Cﬃ 0ﬂ 


ﬁ
 
9:801
Q
9Gﬃ1'8SB$0ﬃ 
ﬁ
*+ﬃﬂ 3=3 !H@I($*+!$3=3=I%E9:L#'(.?$ﬂ ﬂr!3ﬃ ﬀ$D9: 0
0B
Q
8
ﬁ
781
Q
N#'(+ ﬂ9/(+01 01.@I8#%!C3 -+ﬃ
Q
r!ﬃ " @  # .?'!ﬃﬂ!}
Q
810  3
{ % -3
' 
H_4  
 J5);
*+($3Cp!ﬂA#$($ﬃ#%!
%
ﬂS 
Q
0B'ﬂ'
Q=Q
8

0ﬃP

ﬂ
%
$S 
Q
0B'!ﬃﬂ!}
Q
9:80 
0ﬃﬂﬃ3 3)$+ﬃ ﬂ<5K"#

8Sﬃ3='-$r9Gﬃ0ﬃ ﬃ ﬀ'21r 0  $03C$ #$0B$1 081
 = ﬂ !$1ﬂS(+ 34'(+1 B$01 1
ﬁ
ﬃ
.Nﬃ7ﬂ9 &ﬃ0ﬃ ﬂ !$ﬂﬀS(+3C'(+ﬂ 34}! #
Q
ﬃ92 0>'ﬂﬃO+0$81 3Bﬂr 9'6*+ﬂ9eﬃﬃ D
.?$ﬂ
Q
92N@I($*+!$3=3  %ﬁﬀﬃ "! ' ! ﬃ %ﬃﬂ   
 !  %(' /ﬃﬂ <0 -+($  ﬃ ﬀ 
Q
ﬃ8*$!ﬃ ﬂ^$ﬂ #
S(+3C'(+ﬂ 34}!
Q
ﬃ.F809Gﬃ0ﬃ?ﬂ $8V0
Q
8 #'(+ *+ 0ﬃ?.?}! $P .?$081
%!ﬂr!ﬂ70B$ﬂ:#'(+ *+  !G010$ﬂ<$8 3)ﬃﬂ 9 ' !6
ﬁ
*+ﬂ9eﬃﬃ :9Gﬃ0ﬃ #}$s
3 1 01 
ﬁ
ﬃ9<1S8* 0ﬃ!'(+ #%8J3C ﬂ
%
*+ﬂ ! ﬃ8*N9:810ﬃF'8ﬂﬂO+ﬁ"H@  #
807ﬂ<5O" # .?}!1ﬂ 6'
Q
 -+(+3 Jﬃ , ﬂ # ﬂ^($3C(+*$!ﬃ91-+ﬃ 920pD +6 80ﬂ6'
Q
2=ﬂ H0ﬃ "I S(+*
0ﬃﬂﬃ
=
ﬃ(ﬀ01ﬃ)$01ﬂ<$ﬂ
ﬁ
ﬃP0ﬃ
ﬁ
0
Q
81-+(+
ﬁ
&B$10 !
=
p (-0)B8B
ﬁ
6$*+*
-+(+3 -$r9Gﬃ0ﬃ
=&%
#ﬂ (+3=(+*+!39s .'($ﬃ#%!8ﬂ ;1 
Q
 ﬂ  'ﬃA$81 0C'8S*+$#
(+3=3Cﬃ:!G0ﬃ&80 #+%!4$8T'8J$10 B!G0*$
ﬁ
81*+ﬂ3=(ﬀ0$ 6'>$1*+ﬃ9201ﬃ
9Gﬃ0ﬃP "Iﬂ<92 0F#$
Q
8ﬂ6'
Q
2 .?'
ﬁ
ﬃ $!*$D
3 1=0ﬃ"-'$81 8* 0
=
p (-0F9:810ﬃ 
ﬁ
 @'$%!(+3=3Cﬃﬂﬂ 8*+ﬃ $8!G00B #
!ﬃ $81ﬂ&16@I(
ﬁ
$0ﬃ3Cﬃﬂﬂ 8* -$r9Gﬃ0ﬃ .ﬂ 9Gﬃ0ﬃ  '6ﬃ91!ﬃ J/Iﬀ ﬁ1ﬁ 9 6'ﬂ*#
!  "I ﬂ<5O" #

8SB33CA0%! $ﬂ.8 -+ﬃ
Q
ﬃr!
%
ﬂSﬃﬃ
Q
. 5-&ﬁ78
Q
9B$$3=ﬃ!ﬃ
ﬂ0 J5*%!01L#$ ,'3=3 
TE
JSJSJD3=ﬂ&
TR
, ;DI
=
'! $9 J5)= 2  3B( ), times
),$3=3 2 
.?$ﬂ!"H@  # !G0.0ﬃJﬂﬃ
ﬁ
 51%J9:8 063C  S(+*+015ﬀﬂﬁ-81
Q
9B$!'3Cp!  '8S*+1(+3C#
3Cﬃ )511%!02L#$ ,'3C3 
TE
SD$3=ﬂ&
TR
ﬁSISISI1
=
'$9?J5)= 2 E3B( )S, times
)S,$3=3 2 E.
'(+

*+8'!(+0G513Cﬂ98 ﬂﬃ#7&%
Q
8 @ B$ﬂﬃ#$(-0 %!81* 9:8 0<ﬂ( -+6$0ﬃ &
0B$O ﬂ
Q
8Fﬃﬃ<01 $*+($B$ﬃ H
Q
 81*C0ﬃﬂ" @  # !G0ﬂ:#}$3
 7ﬂ4 + ,+
!#"%$  $)! *,+-/.1032%4-65171032
!G  !ﬂTﬃﬂr! ﬂ^ﬃﬂ 3Cﬃﬂﬂ81*+ 3C N0ﬃ 8ﬂ9;11*+2 -$(+ B$
QﬃQ
$ 0 -+($*+ﬃﬂ$*+1
=
ﬃ(-0 ;
Q
92 " (
Q
 !ﬃ71!"'1(
Q
ﬃ!01 #eﬃ
Q
?
Q
*'!Jﬂ2+0B'O01 -+ﬃ
Q
r!ﬃ"H@  #
!G0e#e#%!4-&#$($*+ﬃ e9Gﬃ0ﬃP5.?$$8<69:810I0

8Sﬃ3=Vﬂ0  ! " (+ﬂ 
0 .(%99/&( # 3

5
 #r5-&ﬁ78
Q
ﬃ*$ﬂ21*$G80.0B'ﬂ

8ﬂr9Gﬃ &9 (+*+!'3C3 %!ﬂ9ﬂ0
$*+ﬂ9B$O$5;"ﬂ '6ﬃ9P JLI1 )- J ?  341N0ﬂ,92 !ﬃ%E9:2L#$ !@I(+*$!$3=3 -+ﬃﬂ (+ ﬂ (+"1
0="I *+
ﬁ
1ﬂﬂ 721  J% , ﬂ 80ﬁﬂ # ﬂ^(+3=(+*+ﬃ9.*+p! %<0B$ *+ﬂr!J92 0P
J5)=   ? -
  { %     
   	@ "  
H	 j_   -	  
Hv    
 
.  Hﬃ*+2
Q
9:ﬂﬃ;0ﬃA08 0@ B$ﬂﬃ#}$ 3=ﬃ(-0#$(+ *+ﬃ !ﬃ "H@  # .?'
800ﬃ=$ﬂ
%
$Sﬃ
Q
0ﬃ0 ﬂ<5O" # !G0 
Q
ﬃ*+ﬃ+0B$O0 '<(+ #%!813=ﬃ 1(ﬀ0GN0ﬃ
 $*+JﬂrH@I$9ﬀ4-+ﬃﬂ1
ﬁ
8*+ﬃ
ﬁ
ﬂ
Q
8 1+& +O+ﬃ(+ 078* -+(+ )I&@I$9ﬀ=$8ﬂ
Q
8*+1
80 0>81ﬂ91;1*$1 +6ﬃ(+3Cp! 
Q
8  #$($ﬂ 8ﬃP

8ﬂ  +ﬂ78*+ﬃ # $  0(*
78 ﬂ(ﬃSﬃ $8ﬂ*$*+ﬃ;9201I'ﬂ0B$O ﬃ
Q
4@I 91ﬃ  048 ﬂ9<1*+ '8ﬂ ﬃﬃ
%
ﬃ*+($N3C 

8ﬂ +ﬂ78*$=BﬃC$8O+ﬃB$
ﬁ
-+ﬃ
Q
rH9:80ﬃ+9:ﬃ0H'=2ﬃ  ﬂ9 8*
-+ﬃﬂ1(
ﬁ
ﬃ 9201P
 
E
	 E GIW9 \ "I !Gﬃﬂ9ﬃ	21 G:'(+ #%8 3=ﬂ2@ B'ﬂ1#'' !ﬃ
Q
ﬃ*$

ﬁﬁ

J/I1CD1  E J/Iﬀ+D+Tﬂ &%3C$  +
%
" # "H@ 

8SB33C>01ﬂ#7 
Q 8
0ﬃ  + 3C*+
@ B$%!(+3=ﬂ -+(+60ﬃ '<(+ #%!81>"Iﬂ69:810C0=5113=1ﬂ !ﬃ8*.0ﬃ 2 # 2 #r51918-$ 6'1#
0r 192(-08ﬃﬂ
Q
81 0ﬃ81!ﬃ.!!39e
Q
 + 3C*+.ﬂS(+ 34'(+4#$(+3=3 D5ﬀ(9G(ﬃP0
6$8O+ﬃﬃ 3=ﬂ ﬂ9:N'8>0 15-! 8#%!8ﬂs #$ﬃ
ﬁ
$$ 0ﬃ  Hr!ﬃ81*40ﬃ&@I #
9ﬀ*+$ﬂﬂr6
ﬁ
ﬃDﬃ%!ﬂ91&127^0ﬃN01,ﬂ<5O" #
%
ﬂSﬃ
Q
$8Sﬃ3=G

ﬁﬁ
 J/I1CDﬃ8;<-$!'1#
ﬂB'827 08 T($'<(+%!8 1 ?p .,@I$9ﬀﬃ2-+ﬃﬂ
ﬁ
8*> @ B$ﬂ #'(ﬀ01 278*
;[@ "?
ﬁ
p! 6'*$='!4-
Q
8
%
$Sﬃ
Q
1
ﬁ
ﬃ 0B$ﬂ *+ﬂ$3  @ B$%(+3
Q
9:ﬂﬃ 3 80
Q
ﬂ>@I$9ﬀ[

3
%
$0F0ﬂ@'$%!(+3=ﬂ;"@S.? #$($3C3 <ﬃﬂ
Q
8Fﬂ !$#'? H
Q
ﬃ81*+ 80
5ﬀ*$B$ '8ﬂ +ﬂ78*$08 F3=ﬃ!$ﬂ1651$8
ﬁ
 '01

8O$ﬂ 60ﬂ@ B$%!(+3=ﬂ
6ﬃ.01 '<(+ #%!8 ; J/I1CD
ﬁ
? %!ﬂ927:0$ﬂ ﬂﬃ
ﬁ
 !G04ﬃ
Q
859eﬃ S#%J01  H(+ *%
ﬁ
0ﬃ
%
$S 
Q
3Cﬃﬂﬂ81*ﬀ5ﬀ(9G(ﬃB0 6'8O+  !G*$
Q
8* $ﬂV$8=0J <5-! 8#%!8I922
78(*>83 3C(9ﬀ3C$>@I$9ﬀ@-+(+ 01 ﬂ<5O" #

8SB33CN
ﬁ
  E3 !2ﬃ>0ﬃ?3=ﬃL' #
ﬂﬃ

r!$"$#%!ﬃ70ﬃ23=H01 # 1 
Q
ﬃﬂ " (
Q
 !0$#sﬃ
Q
#$($*+ﬃ I9:8 0ﬃ-#$($%!44#
*$ @I$9ﬀ'01Gﬂ  E1J01ﬂH@ B$%!($3Cﬂ91( 
Q
ﬃ V9:810ﬃ%$8)2ﬃ  ﬂ9 8*
Q
81;1L#%#
*+ﬂ21 ^9Gﬃ0ﬃP .?$081  ﬂﬃ%H0J5ﬀ*+$ $81ﬂ $ﬂ78*#-ﬃS.8  0 '(+ #%8
ﬂrG#'
Q
8ﬂ6'
Q
1ﬂ !G0$8ﬂ,ﬃ%!ﬂ !$0ﬃ
 
03= !5ﬀ*+B$ﬂ  6$#'ﬃ7ﬂ9 %J0ﬃ
0ﬂ <ﬂ918*$ﬂ
ﬁ
0ﬃﬂ
. @I$9ﬀ4-+ﬃﬂ1
ﬁ
8*+ﬂ #'' !ﬃ ;

ﬁ1ﬁ
4JLI1+D'0 80  ? -$!'ﬂB'82A0ﬃ (
ﬁ
*+&'(+ #
ﬃ#78 -$(+*+$* .  Hﬃﬂ
ﬁ
8*+ﬂ #}$ =

ﬁ1ﬁ
 J/I1CD$0>ﬂ ?3=3
=
01 $

!ﬃ0ﬃ
'&1*$ +O+7ﬁ
ﬁ
$
ﬁ
 !ﬃ92(+0ﬃV' 0ﬀ 1*+=

ﬁﬁ
 J/Iﬀ+D$ 9:8 0
Q
81ﬂ 6'
Q
2 (*

Q
9Gﬃ03Cﬃﬂ(+B$ﬂ@ (+
8
($3 ﬂ
ﬁ
+6$0ﬃﬂ=*$

 !ﬃ Ne9:ﬂ
ﬁ
ﬃ0ﬃ  Hﬂ (+1
ﬁ
ﬃﬂ &%&#}$83  %!ﬃﬂﬃ0P 3 10 '(+ #%89:8 0N0 *+

ﬃ!  Hﬂ
ﬁ
8*$ﬂﬀ#
#}$  -+r9Gﬃ0p?83 0$ﬂ !G0!$81ﬂﬃ
Q
8F3=3C P
{ % -3
' 
H_4  
 J5) D
−2
0
2
4
6
8
10
−2
0
2
4
6
8
10
PE
c)
d) e)
b)a)

ﬁﬁ
018*ﬃJ/I1CD 
 
 h hp`Ll/i n$hz=adi ij`Lfb<HqBk'bp`!tl'k'hDiE`Lte| &k1iE`Lt  z { |~ ^w ?`!h1i  Nn$g tBk'qz.`
m`Lb?HqBk't/ij z=b

k  hNn'tem


 ?t)k7orq;m1`Lh
 
 hh `Ll/in$h)Vn'z s`!h y%fS`LaSorq m7aS`$ 
Hw ?`Lgx`!hp`!t
at

o   a"`?k1n$b:aq1h y1`I tte`!te`hp-iE`
 
 t/in'hfata"`!t.batem,$n$bﬀi[fa"orqFk1n$g

k Nn'tem


   
1`Lhw
i[h!k}y1`LtP aS`6n$t/ij`!hp`!t /`Laf 
'af"m`!hH}`La y1`Lt m%a"``!t/i[bdcehp`orq/`Ltem`&Ia )`Lfws`Lh bporqaS` 
1n't1y%bl'k'hij`ﬀ

m 
t/n$hJy1`  fxij`!hDi 
'':

` :y1` fdiE`LhiJn$temCy1`  i ij`i
J>ﬁSI   ? -
  { %     
   	@ "  
H	 j_   -	  
Hv    
 
"IF92 !ﬃﬂ !2ﬂ9ﬃ )0B$ﬂﬂ9/
Q
 01
=
+*+2#$ﬃ 0ﬃ  H
Q
ﬃ81*+ﬂ#'(+ #%!81 0ﬃ
3=*+
ﬁ
8*01I57!3 8 '(+1ﬂ#%! (ﬀ01 -+ﬃ0ﬃ81!% 
Q
*$

ﬁﬁ
 J/I1$J/I1(. 57!3 8 '(+1ﬂﬀ#
#%! (ﬀ09:801N3  Eﬃﬃ 01ﬂ?*+ +O+ﬃ
Q 8
0ﬀ +3=*$ @ B'7(+3

9ﬀrDs5ﬀ! 
ﬂﬃ#7&%&018F07!G0
ﬁ
ﬃ$E. 513=ﬂ 8* 0 8#j519869:810ﬂ(C-+ﬃ 6$01 &
0B$O ﬂ
Q
8Fﬃﬃ57!ﬂL#78*401ﬂ !G0ﬂJ@'$ﬂﬃ#$(-0ﬃ %!81*C#'(+3C3 D
%
ﬃ '2-
Q
81*ﬂ<5O" #
%
ﬂS 
Q
;S($-'(+%8?ﬂ &%63C$ -+($&0='<(+ #%!8>;

ﬁﬁ
 J/I1$J/I+ ?
-/Y173K(
ﬁ
ﬃ !G0
ﬁ
 2C0ﬃ81!:*+ﬃ(+3=ﬃ! ﬂ  Hﬃ
Q
1-81*+'C0ﬃ

8O+1#''7
0ﬂ @ B$%!(+3=ﬂ .C@I$9ﬀ4-+ﬃﬂ1
ﬁ
8*A @'$ﬂﬃ#$(-0ﬃ %!81* ;[@ "?
ﬁ
ﬃ!6$*$  01$#
ﬂﬃ3 !G 
ﬁ
ﬂ
Q
8 J5)6@H 9ﬀx  EC0 3=*+
ﬁ
8*0 "Iﬃ#7(-0 21ﬃ40ﬃﬃ,3CpL$ﬂ
'(+3>9/(+%
Q
8 (+#}$ﬃ
=
$*+pS0(+3=(+*+16}!A810 0B$3=
Q
8
Q
81ﬂ 6'
Q
2;(3#
#}$ﬃ H
Q
 8*$ 810 ﬃﬃJ34$ﬂ ﬂ4-+ 5ﬀ*+B$$8ﬂ +ﬂ781* ;[@S ?p

8 0
ﬁ
ﬃ 0 '(+ #%8
ﬁ
 &p!@I 91ﬃ2-$ﬂ
ﬁ
8*$ﬂ#}$ 5;

ﬁﬁ
>J/I1$J/Iﬃ ? '
0 081 0& Hﬃ
Q
 8*+ﬃ '3 ﬂ  6$#7ﬂr!
ﬁ
ﬃ! (#eﬃ
%
*+(+ﬃ 0  1ﬂr!ﬃ "I1#
!6$*+$5ﬀ*$
Q
9:ﬂﬃ
Q
ﬂ;@H 9ﬀI 9/(+ﬂ !4-+6@ B'ﬂ1#$(-0ﬃ2%!8*F80
Q
ﬂ;
*+'!4-+ 80,"'ﬃ 0B'3C  813 1 Jﬂ# ) @I 91ﬃ2*$*+ﬃ $81ﬂ$ﬂ0CL}!ﬂ 632 $8  #
!ﬃ0  Hﬃ
Q
ﬃ 8*+ﬃP 63 01 '<(+ #%!8>; ﬂ^ﬃ
ﬁ
0 J/Iﬀ J/I
ﬁ
?<ﬃ7ﬂ9 &ﬃ 0 3=ﬂﬂ 
0 " @  #

8SB33C.ﬂ &*$810ﬃ  H($*%
ﬁ
 0 ﬂ<5O" #
%
$Sﬃ
Q
 .B-$
ﬁ

ﬁ
ﬃ0@I4#
9ﬀ2-$ ﬂ
ﬁ
81*
ﬁ
p! 6'*$=34(9ﬀ34$ Jﬂ# ) !G098#%$ .C08  0 5ﬀ*+B$$8ﬂ +ﬂ781*
ﬁ
p! (#sﬃ !G  ﬂ 3 #'(+ *+r! !G0#-ﬃ "I:9:801N$8 ! $ﬂﬂ0ﬃ .'!ﬃﬂ 6'ﬀ#
Q
 3C 013=13C$ﬃﬁ"'1(
Q
ﬃ!01 #eﬃ
Q
; ﬁ$JD3Cﬂ ?:#'(+ *+rD !G0981#7ﬃ)0 081>0
=
$*+1ﬃSﬃ0(+3=(+*+ﬃ 6'!ﬃ
ﬁ
ﬂ
Q
8
Q
ﬂA@I$9ﬀ 9Gﬃ -$(+>0 "H#%! (ﬀ01 92*59(  
Q
r
9:801P#'(+%!ﬃ ﬃ3=<9:01&$>2ﬃ  ﬂ9 8* -+ﬃﬂ(
ﬁ
A9Gﬃ0ﬃPA.?$081A #
ﬂﬃ%?01

8ﬂ +ﬂ781*.*+ *+ﬃ&B9G$ﬂ?ﬂ2 1ﬂ
ﬁ
ﬂ($0 $8 3 .$#sﬃ
Qﬁ
0(;

ﬁﬁ

J/I1$J/I$0	?P'8ﬂ^#'(+ *+r!3 80 (+*+B'3 .?'ﬂ'
Q Q
ﬃ*$5.  ES(+ 34}!($0H3 '&ﬃ
0

8ﬂ +ﬂ78* 08 
T ∗2
#
%
(91'!(+ -+ﬃ(+ﬃ4*+ﬃ*%$*+ﬃCﬂ &+#}$  0(*42% 9:0ﬃ
ﬃ#$(+ﬂr! 8ﬃ 9201P .8 0ﬁ'(+ ﬃ#78N9:8 00B$ﬂC5ﬀ*$B$R
%
$81ﬂ1#G H6$ﬂ3
!G0,27 -$ 6'0rD
."H@  # .?' 9:810,
Q
9GﬃG*+p!ﬃ%!ﬃ .81* 6$*+ﬃ #$($*+ﬃ & 813 ﬂ-'$81 
Q
8
# +1V922ﬁ H(+ ,0
=
ﬃ(ﬀ0101=$*+ﬂ9B$O$ " (
Q
ﬃ0 #e 
Q
; .8*+$*

?V*+ﬃ*+ 1
ﬁ
 0'-+($B$
QﬃQ
$ 0A-$(+*+ﬃﬂ$*+ﬃ
=
ﬃ(ﬀ01; .81*%$* ! ?H3=V-812ﬃﬃ
Sﬂr! " (
Q
ﬃ0 #e 
Q<ﬁ
p!pD  E3 3)$10 $*$&9B$O'! " (
Q
ﬃ0 #e 
Q
9:801ﬂ :3
!G 2 0 "I#%(-0 ;
ﬁ
 $81:''ﬂ !ﬃ 

ﬁﬁ
4J/Iﬀ J/I
ﬁ
  ?:3=ﬁ$JD3=ﬂ3=13C$P*+p9 6ﬃ1D
3 10B$ﬂ ﬂr!2N@ B'7(+3
ﬁ
p!81*.0ﬂ =ﬁ$3=ﬂ&/
ﬁ
ﬂ (,9:  .8 *%$1*5! 210$ﬂ
{ % -3
' 
H_4  
 J>ﬁKJ
−10
−8
−6
−4
−2
0
2
4
6
8
10
−1000
−800
−600
−400
−200
0
200
400
600
−250
−200
−150
−100
−50
0
50
100
150
200
250
d) e)
b)
c)
a) PE

ﬁﬁ
018*J/I1$J/I 
 
 h hp`Ll/i n$h:zCaxiij`!fbJIq)k}bp`Lt1l$k}hDij`!te| &k1iE`Lt:  z { |~ ^w ?`!h1i  Ez Iq)k'tw
ij z :n'hpm`Fm7a"`Fsi"az.n$f k1i[aS tb `Lf"`!l/i[hp-m`cef k'ﬃa"`Lhi

Igx`Laf  Nn$g t)k}qz`m`!b4Iq)k't/iE zCb

k 
  hn'tem


 t)k7orq m`Lh
 
 hh `Ll/in'hzCaxi

o .m`!h s`Lh bporqaS` 
1n$tﬀy%bl'k'hij`  a"`  
Hw ?`Lgx`!hp`!t
abi^k}fb hp-iE`
 
 t/in$h fat1a"`J`Lat1y1`!}`LaSorqte`i

m G}`!ay)iM`Late` sn 
1i"hLk'l/i[aS t  t4l7 hh ay%aS`Lhij`Lz n'tem
 ha y%atBk'f"`!z	_Gaf"m/ Et

` b a"`!qei<z,k}t m`Lt 
HfS`Ll/i[h ﬀm1`Lt 
`!hp`!a"orqTatR`Late`Lz a `Lh `Lt%
'afSm k1n'b


  n'temF`!ate`!z $I`Laxij`!t l-hha y%a"`!hDiE`Lt_Gaf"m|emﬀk'b:zCaxiMt/n$h?`Late`Lh`!atﬃay1`!t
Gorqe}`Laxijm7a  `!hp`!t

`!hp`ﬃorqte` i::n$h m` 
J>ﬁ*)   ? -
  { %     
   	@ "  
H	 j_   -	  
Hv    
 
*+ﬂ$3 ,@ B$%!($3F

ﬁﬁ
 J/I1$J/I$
Q
ﬃ*$ 0B$ﬂ-"I*$
ﬁ
ﬂN0ﬃ 5ﬀ8
ﬁ
!$#%(+ 01ﬂ-"I*$
ﬁ
ﬂﬂ ﬂ
$8ﬂﬁ.81*%'*! -$(+ 013 "I*$
ﬁ
ﬂ$8ﬂﬃ.8 *%$1*

3 !Gﬃﬃ 0ﬃ"Iﬃ#7(-0$
.(+r

10,ﬂ ,ﬂ (9G(%1s@I$9ﬀﬃ 70<3= .8 *%$*

;<9e(+ﬂ 2-+!8; .?
ﬁ
ﬃﬂﬂ  #'(+ *+ 
9:801s$ﬂ$8>ﬂ (+3e01 21 .81*%'*5! 
ﬁ
ﬂ ﬂ ﬂ "I*+
ﬁ
ﬂ
Q
ﬃ*+ﬃ ;"1*%'2-$
8 ﬃ .?p . .$#sﬃﬃ
Qﬁ
ﬃ 6$*+*$
Q
9:ﬂ1 # ) = =810
 
)SDB+6$8%9Gﬃ  !s 
ﬁ
ﬃ
0 *+ﬂ$3 !
%
*$(+>ﬃ*+
ﬁ
&ﬂ2;ﬃ 
ﬁ
ﬃ*+p9:%07+&!$8%92r!%ﬂ 6}
I
0ﬃ6$8S*+ #
>@I$9ﬀﬃ 
∑
pix I(pix) = 1232
!GﬃV


Q
ﬃ-+($Q) I B-+(+ 681 -$ ﬂ0ﬃ
!G0981#7R3 *+ﬃﬂ!$3  .$#sﬃ
Qﬁ
0R%!ﬂ92%C0$ﬂ 108 ﬂ1 !2

*#

ﬁ
8* 01 5ﬀ*+$7ﬂ  6'?83 1+I +6$8%9Gﬃ  !s

8 0=$0ﬃ 5127
0ﬂ .?'ﬂ'
Q
ﬂ
Q
ﬃ*$ ﬃ%!ﬂ91&10"I*+
ﬁ
ﬂﬂ'
=
 01
=
ﬃ 1(ﬀ0 0&'*+&9$O$!ﬃ
" (
Q
ﬃ0 #e 
Q
9G$ﬃ ﬂ($3C J3Cﬂ:@I$9ﬀP9:0ﬃ<$F2ﬃ ﬂ981*A-$ﬂ(
ﬁ
 92(+ #
0s75ﬀJﬂ I01(*C21V0!'(+ #%8-+(+P H
Q
ﬃ81*+=08 C3=ﬃ!$ﬂ  E3>9 '7!'!
ﬁ
ﬃﬂﬂ <*+ﬃ*+pD
 
E
	 EHGIW9 \ . '<(+ #%!8G08'*+&9$O$!@ B$ﬂﬃ#}$ .9:8 0&$8'3 ﬁ ﬂ #
ﬂ^($3C(+*$!ﬃ91A*+ﬃﬂr!ﬃ>.ﬃ7ﬂ9 &ﬃ0ﬃ5-&ﬁ78
Q
9B$$3=ﬃ!ﬃ 810 " (
Q
 !0$#sﬃ*#
Q
ﬃﬂ10 ﬂM
ﬁ
OJ/I1+)
Q
8%!ﬂ3=P

ﬁﬁ
081* J/I1$JSJ
Q
*$21^0B$ﬂV*+ +O+ﬃ
Q98
01  $3=4#
*+H@ B$%!($3  ﬂ !ﬂ 0 '(+ #%8 0L}!ﬂ 632 '3 +& 6} $8 ! ﬃ0ﬃ  Hﬃ
Q
ﬃ 8*
;

ﬁﬁ
EJ/I1$JSJ1
ﬁ
? 7$0ﬃﬃﬂﬃﬂ20!'(+ ﬃ#78 1H08   H6$0ﬃ8*0ﬃ 5113=1ﬂ !ﬃ4#
81*ﬀ-+(+ *+ 8Sﬃ
Q
81ﬂ 6'
Q
2ﬁ H
Q
ﬃ81* ;

ﬁﬁ
 J/I1$JSJ ﬃ 0	? 
 E 3/'}0P!'!ﬂ6ﬃ26$8 ﬃ01*+(+3=ﬃﬂﬃ= Hﬃ
Q
1-81*8' 0 " @  #

8SB33C
-+(+ 0ﬃR'(+ #%8Cﬃ

ﬁ
9Gﬃ78*,-$(+01 ($ ﬃ*$
Q
ﬃ1ﬃ!ﬃ ﬂ<5O" #
%
ﬂSﬃﬃ
Q
-$(+
ﬁ
ﬂ
Q
8 - ﬃ @I$9ﬀﬃ  @'$ﬂﬃ#$(-0ﬃ %!81* . ﬃ*+ﬃ%!2 #- ﬂ810 #?8ﬃﬂ 
 ﬂﬃ%? @ B$ﬂ #'(ﬀ0 %8*,*+ﬃﬂ !$8%D 6ﬃ 01 '<(+ #%!81;

ﬁﬁ
>J/I1$JSJ
ﬁ
? ﬃ7ﬀ#
ﬂ9 %0 3=O 0ﬂ@ B$%!(+3=ﬂ:*+$8 0ﬃ3 0ﬂ<5O" #

8SBﬃ13C' .?$ﬂ8!G0
Q
*$<1
-+ﬃ
ﬁ

ﬁ
107!G098#%-+ ﬂ
ﬁ
81*A-$(+F3C(9ﬀ3C$/3 @I 91ﬃx
3 1N0$ﬂ
Q
92 !5!G09+$ 9:810.0"Iﬂr!ﬃ81* 0ﬃ=513=ﬂ918CT@ B$ﬂ #'(ﬀ01 21#
!81* ﬂ( -+6$0ﬃ &M0B$O 0 3=ﬂﬂ=0ﬃﬂC/?*$B$
ﬁ
0ﬂ;

ﬁﬁ
 J/I1$JSJ  ?6ﬃ45-!$878*
 @'$ﬂﬃ#$(-0ﬃ %!81* -+(+
Q
&R@I$9ﬀﬃ *$*+ﬃ 1
ﬁ
ﬃN0
%
$S 
Q,Q
*+P

8T01$#
ﬂ&3C$ﬂﬂ 2-$ !Gﬃ%!6ﬃ%!*$8*#}$08 F01&@ B$ﬂ #}$r!ﬃ3Cp (-06#$($*+ﬃ 29Gﬃ0ﬃP
6ﬃ>01 '<(+ #%!81C;

ﬁﬁ
 JLI1 JJD0	?
ﬁ
ﬃ 6$*'?0 -+ﬃ
ﬁ

ﬁ
ﬃ0@I$9ﬀﬃ2-+ﬃﬂ
ﬁ
8*.
ﬁ
ﬃ1#
"$ﬂ78  1ﬂr!ﬃﬂVN@I$9ﬀﬃx(.8 N0 '($ﬃ#%!8 ﬂrM
ﬁ
0 36$6#$ﬃ
Q
8ﬂ 6}
Q
ﬃﬂ
!G0!'8ﬂﬃ..0ﬃF#'(+ *+r!5!2014%!ﬂrL$01
 
0?3C  5-*+B'ﬂ  6$#'.ﬃ7ﬀ#
{ % -3
' 
H_4  
 J>ﬁﬁ
PE
PE
a) b)
c) d)

ﬁﬁ
018*ﬃJ/I1$JSJ 
 
 h hp`!lei n$h?z=adi ij`Lfb:Iq)k'bp`!tl'k'hDiE`Lte| &k1iE`Lt  z  ^w `Lhﬀi a"` 1
1`Lhp`!t

`!a"m`!t _Gaf"m`!h }`La y1`Lt

k mﬀk'b ha y%at)k}f 
'af"m n$t/m


 mﬀk'b=l-hha y%a"`!hDiE`,_2af"m g$hFidk1i"b7orqw
faSorq,k'z  ^w / zDy%hLkceqe`Lt4k1n$gji"hp` iE`Ltem1` s`Lh }`!hhDn't1y1`LtP aS`&n'teiE`Lh `Lt 
1`LaSm`Lt4_GafSm`LhH}`!ay1`!t
` 
1`Ltg"k}ffb

o " hay+at)k'f1n$tem

m 
 
 h hp`!lei n$hp|+k'ff"`!hpm7at1y%bPg$hI`Late`Vk
'b a"orq/i[fa"orqA `Lh bDiE`Lffxij`6ﬀqaz4w
l- t  1y)n$h!k1i[aS t aS`  
Hw ?`Lgx`!hp`Lt1 abDi

`I`Lafbk'fbJhp-iE`
 
 t/in'hfata"``Latﬀy1`L `La"orq1te` i 
ﬂ9 &ﬃ 0ﬃ0 <ﬂ918*$ﬂ
ﬁ
0ﬃ
Ns8ﬂ 6}
Q

Q
8C04@'$%!(+3=ﬂ 80ﬃC9:8 0A21H0 '($ﬃ#%!823C H$*+ﬂ9B$O$4@'$ﬂﬃ1#
#}$ F$8 <%! ﬂ8781*+ $*+ﬂ 80ﬃ>@I(
ﬁ
$0ﬃ 08 *+$21 

ﬁﬁ
081*ﬃJLI1 J/)
J>ﬁ   ? -
  { %     
   	@ "  
H	 j_   -	  
Hv    
 
Q
ﬃ*$ 210ﬃ-$ ﬂ0ﬃ5127Tﬃﬃﬂ "H@  # .?'ﬂ'
Q
ﬂN01B/& *+B$$8SBﬃ13Cﬃ
0#$(+ *$r!ﬃ5!G02800	ﬂ<5O" #
%
ﬂS 
Q
3Cﬃﬂﬂ 8* .='(+%!810ﬃ
%
$Sﬃ
Qﬁ
4#
0 ﬂ0  p9Gﬃﬂ2 ($ 1*+
Q
1ﬃO.

8SBﬃ13CﬃC9:8 0,3= (%9ﬀ!3C$H5113=1ﬂ !ﬃ4#
g) h) i)
PE
PE
PE
c)b)a)
d) e) f)

ﬁﬁ
018* J/I1$J5) 
 
 hh `Ll/in$hCzCaxiiE`LfbNHqBk'bp`!tl'k'hDiE`Lte|"&k1ij`!t  z  ^w `Lh 1i'VnAbp`!qe`Lt
batem m7h `La)orqa"orq/iE`Lt m`!b?bp`!f 
1`Lt 
H jwﬀ&kﬀij`Lt1bLk1i"}`Lb Et m`!hfatl-`!t,$cPk'fdiE`&batem

`DH`!afbm7aS`
 hay+at)k'f k1n$g t)k}qz`ﬃ|7at m1`Lh z=adi i[f"`!hp`!tFmﬀk'b l7 hh ay%aS`Lhij`:_2af"mn$temChp`ﬃorqei"b?m7a"`

`I`Lafay1`  
Hw
&`!gx`Lh `Lt +n,bp`!qe`LtP aS`
 
tei n$hp`!t m`Lh &`!gx`Lh `LtNb atem.+n$b 1i[ﬃfa"orq hp-i `Lat1y1`L `LaSorqte` i sv('h
m7a"`<l7 hh ay%aS`Lhij`Lt_2af"m1`Lh`!h y%a
1iVbaSorqA`!ate`
1`Lbb `Lh `  
`!hp`LatbDi"az=z.n$t1y z=adiHm`Lh ?`Lgx`!hp`Lt1+
{ % -3
' 
H_4  
 J>ﬁS,
81*$*+$Sr!*'D "Iﬂ B'0  ﬂ 0B$3=
ﬁ
ﬃs0ﬃ /? *+B$0'!ﬃC83 $ﬂ !ﬂ: H
Q
 #
81*+P
"Iﬂ ﬂ 60ﬃ81!
Q
8 ﬃ#'ﬃ 0B$O0 #$($*+ﬃ  !G0&1%-81 $3
%
$10;0ﬃﬂ+&$#
 ﬂ&-ﬂ($0 $8.40 ﬃ.5-! 8#%!8
ﬁ
ﬂ ﬂﬃJ3C G0ﬃ
%
ﬂS 
Q
1
ﬁ
ﬃﬃﬂr!3=3=P
.8ﬀ!2  H
ﬁ
ﬃﬂﬂﬃ81*+ ﬂ 001

ﬁﬁ
081*+ J/I1$J5)$1
ﬁQ
 !B013 081 ﬃﬃ
9GﬃO+ﬃ@Sﬃ 3C$#7  !GﬃﬃI0ﬃ=$8S*+ 80 -+(+
=
$*+1ﬃSﬃ0(+3=(+*+ﬃ 6'!ﬃ 0ﬃ
$*+ 
Q
01;5-! %ﬃ  @'$ﬂﬃ#$(-0ﬃ %!81*813 ﬂ &ﬂ@I$9ﬀ^*+ﬂrL$87&9:8103
Q
8,ﬃ#'ﬃP 3 120ﬃﬂﬃ !G 2
ﬁ
ﬃﬂ(+01ﬂGﬂ L'#$ﬃ !Gﬃ%!6ﬃ%!*+8* 9:810?01<# 1 
Q
 #
P" (
Q
 !0$#sﬃ
Q
*$ﬃ9 6ﬃ 63;0ﬃ='(+ ﬃ#786ﬂ 3=3Cﬃ 0P'<(+%!8 A9:ﬃ0&3=
0
%
$S 
Q
1
ﬁ
ﬃﬃP

8>0= H ﬂ
ﬁ
81*,83
Q
92
ﬁ
ﬂ<0ﬃM@I 91ﬃ 0ﬂ?018 ﬃﬃ
ﬂ%9G$
Q
>@SP3C$#7ﬃ  ! $#$1ﬂ<#'(+%!ﬂﬂ<*+81:#$($*+ﬃ  92 0s
 E 01  6ﬃﬂr!ﬃKJ =$3C3  %ﬃ ;
:
9Gﬃ
%
2%!8*51 6'00Bﬃ	?*+ﬃ0 512% ;

ﬁﬁ

J/I1$J5)'01# ? ﬂ0N0

8ﬂ 9:#78*+ﬃ0 '(+ ﬃ#78
ﬁ
ﬂ (+0ﬃﬂV0ﬃ81! $N0ﬃ6$8O$ﬃ!G #
*+ﬃ
Q
81*C01ﬂ +6ﬂ ﬂJ3 (
ﬁ
ﬃﬃ !G01e810 $0ﬃ  '*+605ﬀ8#7
Q
8 #$1P .
(
ﬁ
 !G*+ 
Q
8* #$($%!&83
Q
92@I$9ﬀﬃs
%
278*
%
ﬂSﬃ
Q
#$($78 -+ﬃﬂ1(
ﬁ
ﬃF92 #
0s . @ (+ﬂ !(+ - ﬃﬃ45-8ﬃ;"@ Sﬃ ?ﬃ*$ Bﬃ ﬃﬃ '<(+ #%!81483 Dﬀ
Q
9Gﬃ?@I$9ﬀ
9:ﬃ0<$8^0ﬃ@ (+ﬂ !(+1016ﬂ6$80
%
ﬂSﬃ
Q
ﬃﬂ3=P
"I7ﬂ9 &ﬃ0ﬃﬂNﬂr$8 21&06ﬃﬂ ,5*% ;

ﬁ1ﬁ
0J/I1$J5)'*3#d ? /01(*3C$ﬂ $3=3
1
ﬁ
 01
Q
9GﬃT*$&
Q
8
ﬁ
(
ﬁ
ﬃ%!ﬃP  H
ﬁ
ﬃﬂﬂ 81*+Rﬃ*+
ﬁ
ﬃ ﬂ2R$ 0ﬃ6$8O$ﬃ
!G*$
Q
8*60ﬃﬂ+6ﬂ ﬂV810 $0H@ (+ﬂ !(+N0ﬃH5ﬀ82 ;"@S.?  . '($ﬃ#%!8  *+ﬃ
3 !G 5-+($
Q
9Gﬃ
ﬁ
ﬂJ0  @I$9ﬀ@'$ﬂﬃ#$(-0ﬃ %!81*
3 1'C0ﬃ<5127 *+   0B$O>081 0'<(+ #%!81=#'
Q
8ﬂ 6}
Q
ﬃﬂﬂ !'!ﬂ !ﬂﬃﬂ
!G0!'8ﬂﬃFﬃ%!ﬂ !$0ﬃ ﬂ D

8F0&3= !ﬃ?5ﬀ*+$ﬂr6$ #$&ﬂr:8 -+ﬃ 6$01 
!#"%$  $&  03+%5 4 -/2 -		-7ﬀ 2
. !G0#'(+ #%!813C !ﬃﬂ
=
ﬂ#}$$3=(ﬀ018 '(+;BﬃH  80 8
8
 9:2
Q
@+H 1EIOJLF
9:801< @ B$%!(+3=ﬂ 80=$3 J% , ﬂ 8104$3 ﬁﬂ # ﬂ^(+3=(+*+ﬃ9ﬃ*+ﬃﬂr!ﬃ .!"I *+
ﬁ
1ﬂﬂ 
9Gﬃ0ﬃ $B$0*+ﬃ !Gﬃﬂ91&  6$81rD
 
E
	 E GIW9 \

ﬁﬁ
081* J/I1$J>ﬁ
Q
ﬃ*$ 0ﬃ"H *+
ﬁ
ﬂ ﬂ0'($ﬃ#%!8=$3 Jﬃ , ﬂ #
ﬂ^($3C(+*$!ﬃ91P  E

ﬁ1ﬁ
 JLI1 J ﬁ+ ﬂ  0$ﬂ N
8
0ﬃ9B'7(+3 -+(+20 '(+ #%8 
ﬁ
*+
ﬁ
0pD
. 513C#'(+

*+81!'(+69:801 ﬂ( -$6$0ﬃ  $0B$O0$ﬂI@ B$%!($3N@ B$ﬂ #'(ﬀ0 %8*
J>ﬁ    ? -
  { %     
   	@ "  
H	 j_   -	  
Hv    
 
PE
PE
a) b)
c) d)

ﬁﬁ
018* J/I1$J>ﬁ 
 
 hh `Ll/in$h=z=adiiE`Lfb A`Lq1hl'k't)k'fz-m/n$f k1i[aS te| &k1iE`Lt  z {}|~ ^w `Lh 1i
a"`&*
`!hp`Lt,
1`La"m1`LtF_GafSm`LhJ `Layﬀ`Lt

k 6mﬀk}b h ay%at)k'f 
}af"m,n$tem


 m-k'b:l- h hay+a"`Lhij`_Gaf"m.m`!b
 1fat/m`Lhxcsq)k't/ijzCb Ez n$t/ij`!hp`Lt _GafSm}ck+k'h&b a"`!qei:z4k't

o =mﬀk'b$ hay+at)k'f
'afSm>n'tem

m =m-k'b
l- h ha y%a"`!hDij`_2af"m.m1`Lb
 
pcsg ceq)k't/ij z=bD a"`  
Hw ?`Lgx`!hp`Lt1 abi k'fbJh -ij`
 
tei n$h&`Latﬀy1`L `La"orqw
te` i 
*+ﬂr! &L#% ﬃﬂ1%
%
'!4-
Q
81 ﬂ<5O" #
%
$Sﬃ
Q
ﬃ*+
ﬁ
Hﬂ24 <7 ﬂ0,83 J>;@I$9ﬀﬃ
$3 817  810 JJ @I 91ﬃ $3 (
ﬁ
ﬃF@ B$%!($3C$0P
6ﬃF0 '(+ ﬃ#78 ; ﬂ 
ﬁ
0 J/I1$J>ﬁ
ﬁ
? ﬃ7ﬂ9 %&0 3=!$018*401ﬂ?@ B'7(+3 *+ﬃB$8
0  H($*%
ﬁ
,0ﬃ
%
$S 
Q
3Cﬃﬂﬂ81* . +6ﬃ(+3Cp! 4#'(+%! -$(+ﬂ 6'0*F9:01ﬃ*+ #
ﬂ   92 0s0.

8ﬂ  +ﬂ-81*+R081 8 
ﬁ
$ﬂﬃR$3 (
ﬁ
ﬃ
%
'0T0ﬂ @ B'7(+3=ﬂ
{ % -3
' 
H_4  
 J>ﬁ ;
ﬂ0.08 .0 '<(+ #%!81 %
ﬁ
ﬃ8O$DO"Iﬂ  6$   ﬃ0(*F'8 ﬀ0$O3  Eﬃﬃ01ﬂ (3#
3C($*+ﬃ,@ B$%(+3Cﬂ Bﬃ40 '(+ #%8G + 3C*+J5*79G$#781*+0ﬃ +&!$8%92 1#
!ﬃﬂ 6'^ 3) &ﬁ78ﬃ
Q
#'(ﬀ0 %8*6$8 p!s    ﬂ9 8*&#$($%!
ﬁ
ﬂﬃM2%V*+ﬃ#-6$ 
9Gﬃ0ﬃP 8;01 3 8#'(+ *+r! !G06(* 3 '<(+ #%!810B'ﬂ'
Q
*+ﬃ ﬃ7ﬂ9 &ﬃ1#
065-8#%8ﬃ5-$(+

8ﬃ 3M ! 8* 0 '<(+ #%!810B'#$($%!&0B$ﬂ

8 ﬃ.0ﬃﬂ

r!ﬂ"'#7ﬂ 1%
ﬁ
ﬃB81ﬂﬂﬃP +6 80ﬂ6'
Q
;#$(+17
ﬁ
(
ﬁ
ﬃ%!ﬃ 9Gﬃ0ﬃM0$OF0145- 3#
81*=813Cﬂ (Cﬂr6$ #$<$81ﬂ 6$   6*+ +O$J0
Q
8#$(+ *$ 01 H
Q
 81*+Fﬂ10P
.'!201 J/Iﬀ J>ﬁ3ﬃ 0
Q
*+

81SBﬃ3=60ﬃﬂM5* 6$0ﬃ9B'7(+3=ﬂ

872101ﬂ 

8Sﬃ3=
9:801G0G5*3=#$(+

*+8'!(+60 8#r5*988;<ﬃ N@ B$ﬂ #'(ﬀ01 278* ? ﬂ( -+6$0ﬃ &
0B$ON0$ﬂ @ B$%(+3 .@ B$ﬂ #'(ﬀ0 %8**+ﬃﬂ ! &L#%: ﬂﬃ%D . .(+#}$ﬂ!'(+ 0ﬃ
6$8O+ﬃﬃ,!Gﬃ*+ﬃ
Q
81*F @'$ﬂﬃ#$(-0ﬃ %!81*
ﬁ
ﬃ!6$*$6>(
ﬁ
ﬃﬃ @ B$%(+3
ﬁ
ﬃ D1
)IN@I$9ﬀﬃ 73 8%!ﬃﬃﬃ2j

801ﬃ&57!81#78 0ﬃﬂJ@ B$%!($3Cﬂ ﬂ Gﬂ L'# 0ﬂS($3=rD
.
Q 8
0ﬃ  + 3C*+@I 9ﬀ*+$ﬂﬂr6
ﬁ
63 @ B$%!($3C Fﬃ*+
ﬁ
ﬂ
Q
8
Q
ﬂ>@I$9ﬀ  #
ﬁ
ﬃ 2ﬃ ﬃ*+ﬃ%!2 @^($ﬂ(+s 5ﬀH92ﬂ  
ﬁ
"$ﬂ>.$S(+3C'!(+ﬃ '8j

3 #' 810
ﬂ7 @'$%!(+3=!$10 #'(+3=3 &ﬂ
Q
8

8ﬂ +ﬂ78*$0;"@S.?018 3CpL$ﬂ
$ !$#
81*+F$0

8O+1ﬂ !0ﬂ<@ B$%(+3Cﬂﬃ
6ﬃ 0'($ﬃ#%!8=ﬂ 3=3CﬃT0@ B$%!($3N83=ﬂ ﬂ
ﬁ
*$ﬂﬂ -+(+ 0=(
ﬁ
ﬃ'6$1#
!=9:01  91$#%N3=0
%
$Sﬃ
Q
1
ﬁ
ﬃP

8T3  E T0ﬃﬂ@ B$%!($3Cﬂ#$(+17
0  Hﬃ
Q
 8*+ﬃ ﬂﬂ*+81$8ﬂ *+*$1A9Gﬃ0ﬃP .=@I 9ﬀ*+ $ﬂ ﬂ  6
ﬁ
 ﬂ10;*+ +O$%!ﬃﬂ
 2ﬃ?8 ﬂ9<1*+ﬃ 3B(+ 3 
ﬁ
*+
ﬁ
01ﬃ?810 $>  <ﬂ918* -$ﬂ(
ﬁ
 9G(+ 0s
 E3 !Gﬃ2R0 (
ﬁ
  ''7.0ﬂ=@ B$%(+3Cﬂ V9G( 0,ﬂ  6$#7ﬂ   H
Q
 8*$ '8S*+$#
! ﬃ!ﬃ 9G$ﬃ #''0 +&($3Cp!.%=9:ﬃ0> *+ﬂr!ﬃ=9201P .(+r4#'(+3C3 Cﬃﬂ
08  01 '<(+ #%!84ﬂ(+*%'
Q
8

8ﬂ +ﬂ78*$ 3 $ﬂ1ﬃO+10 @ B$%(+3 -+($83=P
.&018F3CpL$ﬂ 
$ 8*+ﬃF'01

8O$ﬂ 60ﬂ@ B$%!(+3=ﬂ ﬃ -+($*+ﬃ8Sﬃ

8ﬂ  +ﬂ78*+ﬃ ;[@S ?M&3=CBﬃC0 '($ﬃ#%!8 =ﬂ*+

#''7H*$ +O+ﬃﬃB!Gﬃﬃ
P   1

81ﬂ0ﬂ78*>@ B'ﬂ1#$(-0ﬃ2%!8*5B}&ﬂ2>ﬃE9GB-+ 0(%99/ D . ﬂ  9-8
3  E1ﬃ.0ﬂG@ B$%!(+3=ﬂ
Q
*$Gﬃ,0ﬃ '($ﬃ#%!82C  %%!ﬃﬂ ﬂ !'!ﬂ !ﬂﬃﬂ !G0$81#
ﬂﬃP
 
E
	 EHGIW9 \ .ﬁ"H *+
ﬁ
ﬂ ﬂ0R'<(+ #%!83= !ﬃﬂ
=
ﬂ#}$$3=(ﬀ018 '(+ 9 '
$8 $3 ﬁﬂ # ﬂ^(+3=(+*+ﬃ9ﬃ 0B -$(+=
ﬁ
 6$1*+*9:Gﬂ !$#0
Q
8#'(+ *+ 0ﬃ  H
Q
ﬃ811#
*+A'8ﬂ

ﬃﬃP

ﬁ1ﬁ
08*?JLI1 J 
Q
ﬃ*$0 ﬂ
ﬁ
51%60ﬃﬂ&*+ $O+ 
Q 8
0ﬃ  + 3C*+
@ B$%!(+3=ﬂ 34'
ﬁ
ﬃ:(%91!34'N513C#'(+

*+81!'(+ ;

ﬁﬁ
 J/Iﬀ J +
ﬁ
?810 ﬃ3C$ 21 
J>ﬁ =   ? -
  { %     
   	@ "  
H	 j_   -	  
Hv    
 
PE
PE
c) d)
a) b)

ﬁﬁ
018*RJ/I1$J  
 
hhp`!l/in$h2zCaxiij`!fb A`!qhl'k't)k}fz.ﬀm/n'f k1i"a" te| &k1iE`Lt  z  ^w `Lh 1i aS`
1
1`Lhp`!tD
1`LaSm`Lt _GafSm`Lh4}`La y1`Lt

k Amﬀk}b  h ay%at)k'f 
}af"m n$tem


 Amﬀk'bl-hha y%a"`!hDiE`F_GafSm 
`!a
pcVi"az4k'f"`!h ﬀqaz`!atbij`Lffdn$tﬀy) Ez n$t/iE`Lhp`!tT_Gaf"m}ck$k'h&baS`Lq/i<z4k't

o Cmﬀk}b  ha y%atBk'f 
'af"m>n$tem

m  mﬀk'bl- h hay+a"`Lhij`?_GafSm 
1`La  `!h'tem1`LhDiE`Lhﬃﬀq1az=l- t  ﬀy)n$hLkﬀi[a"t a"`! 
Hw ?`Lgx`!hp`Lt1abDi2k'fb
hp-iE`
 
 t/i n$h?`Latﬀy1`L `La"orq1te` i 
@ B$ﬂ #'(ﬀ0 %8*B-$ﬂr!ﬃN5*3=ﬂ981A;

ﬁﬁ
AJ/I1$J %3 0	?   E3 3)$P01<(%91!34'
'(+

*+8'!(+,# $F0&813 
ﬁ
ﬂ
Q
9Gﬃ^@I 91ﬃP@ B'ﬂ1#$(-0ﬃ2%!8*>-+(+0ﬃ
%
 #
S 
Q

ﬁ
92210 3=ﬂﬂ40ﬂ@ B'7(+3=ﬂNﬂﬂ*+81 #$(+ *$r 92 0s . ﬂ  9-8
3  Eﬃ0ﬃﬂ@ B'7(+3=ﬂ 9:#%JﬃF01!'($ﬃ#%!8<$ 01*+ﬂ2*$!'ﬂ !ﬃ  Ns8ﬂ 6'
Q
ﬃﬂ
{ % -3
' 
H_4  
 J>ﬁD
%
'8ﬂﬃNﬂr 08 0 '($ﬃ#%!8 %^%!ﬂrL$10P

8N025ﬀ*+B$%!ﬃﬂ 6'Pﬂ  *+2
*+
ﬁ

ﬁ
ﬃP
.!G0 JLI1 J %ﬃ 0&*+
ﬁ
=" 99/ 3=%9:ﬃ0ﬂ
ﬁ
+0ﬃ3 0ﬃ 513 08 60 5113=ﬂ981#
 21  0?@'$ﬂﬃ#$(-0ﬃ %!81*Cﬂ (C-$ ﬂ !ﬃ  9:801ﬃB0B$Oﬃﬂ:.0ﬃJ(
ﬁ
ﬃﬃ5!G0 6$4 !
Q
8
 !2098#%!01($#''ﬂ'!(+ -+($ J ﬁ,@I$9ﬀ^80>>01?8%ﬃ 
 6$4 ! -$(+Aﬃ%@I$9ﬀ
#}$3F .?$ﬂ=@ B$%!($3  ﬂﬃ%= @ B$ﬂﬃ#$(-0 %!81*;*$ﬂ !$8%D 6ﬃR0R'($ﬃ#%#
!8:ﬃ7ﬂ9 %?01 '(+%8:0ﬂ@ B$%!(+3=ﬂ<*+B'8F0ﬃ '<(+%!8:0ﬃ
%
ﬂSﬃﬃ
Q
;S($   ?p
. 3=ﬂﬂ  ﬂr!3C3=  91$#%&1
ﬁ
ﬃﬃP  E3  Eﬃﬃ 0ﬂ @ B$%!(+3=ﬂ#$(+3=3 ﬂ  0(*
9:ﬃ0
Q
8 0ﬃ ' !

Q
 ﬂr!81#78ﬃJ0>$8 ﬂ($ 21.0 '($ﬃ#%!8$3
J%+, ﬂ #ﬂ (+3=(+*+!39
ﬁ
ﬃﬂ 
ﬁ
Rﬂ 0 ;

ﬁﬁ
 J/I1$J>ﬁ ?  "IﬂB$10 Nﬂ2R83 9$!$ﬃﬃ4#
ﬃ + 3C*+  E%!1ﬂ 6'!ﬂ ﬂ%9G$#78*+ﬃR 3B &ﬁ78
Q
#$(-0 %!81*4"H3M ! 8*0ﬃ
'(+ ﬃ#780'!ﬃ #$(+1740B'ﬂ

8 ! ﬃ!ﬃ 0ﬃﬂ

r!$"$#%!ﬂ $8T$3 ﬁ ﬂ #ﬀ+& 6} 1%
ﬁ
ﬃ1#
B8ﬂ ﬂs . +6ﬃﬂ!$3 !%ﬂ 6}Jﬂr:*+*+ﬃ 1
ﬁ
ﬃ013 /?*+$
ﬁ
0C
ﬁ
*+ﬃﬂﬃ#%D
!#"%$  $   0 .	7@5 0 5  2
8 &'39 J/I1+)ﬀﬁC*+ﬃB$8ﬃ?$8ﬂ *+ﬂ21 ﬂ &B9:80 2101 " -'$8ﬃ81*40ﬃ '($ﬃ#%#
!8 3Cp (-0?018
%
*+ﬂ ! ﬃ8* .?'$8ﬂJﬃﬃ @I(
ﬁ
$0ﬃ-817 ﬂ878*A-+r9Gﬃ0pD
.="I *+
ﬁ
1ﬂﬂ  01ﬂ  %ﬂ 878*492 0 ﬃJ0B$ *+ﬂr!

ﬁﬁ
018*=J/I1$J5,
Q
ﬃ*$ 21 0%!ﬂG512% 9/(+ﬂ !($01 ﬂ<5O" #
%
ﬂSﬃ
Q
$8Sﬃ3= ;

ﬁﬁ

J/I1$J5,$ ? '0$ﬂ -+ﬃ
Q
r!!"H@  # !G0 -$(+ ; J/I1$J5,
ﬁ
? 80Bﬃ010'<(+ #%!8 ; J/I1$J5,3 ?p .?$ﬂV8*#
#$(+ *+ﬃ ! " @  # !G049Gﬃﬂr018ﬁ H6$0ﬃ8*=0ﬃ!'(+

*+8!}!($.0<5113=ﬂ98?ﬂﬃ#%#
ﬂ7
Q
8<@'$ﬂﬃ#$(-0ﬃ %!81*C0ﬃ81!  Hﬃ
Q
 8*+ﬃ $81j .&1#$ !G0 6'2 !:9: 0
 @ B$ﬂ #'(ﬀ0 %8* *+ﬃﬂ &L#%&20&% 5ﬀﬃﬃ%!*+ﬃ*+ @ B'ﬂ1#$(-0ﬃ2%!8*1
.?$081*$
ﬁ
ﬂ !G0918#%!0ﬃ(+#}$ﬂ'!(+=
ﬁ1Q
96B*+ﬃ*+@ B$ﬂ #'(ﬀ0 %8*
-+(+
ﬁ
ﬂ
Q
8Fﬃ%?@I$9ﬀﬃx
Ns8  H$ﬂ$8278*,0ﬃ018 01 '(+ ﬃ#78
ﬁ
p9:#%& Hﬃ 6$0181*+
Q
*+0
($
ﬁQ
96)*+<1 '($78:3
%
$Sﬃ
Q
#
ﬁQ
96  ﬂ9 8*+ﬂ
ﬁ
001 3=ﬂﬂ -$(+ "Hﬂ1 1ﬂ #
ﬂﬃ0?$.ﬂ .%ﬂ9 &ﬃ0 @^(+ﬂ !(+ﬃ,0ﬂ  p9Gﬃ*+ﬃ"IﬂO+81*+ﬂ
ﬁ
'83Cﬂ2*+ﬃ
;"ﬂﬃ

ﬁﬁ
!J/I1$J  ?  !Gﬃ<017ﬂ<5O" #

81SBﬃ3=ﬃ*$ 0ﬃ"Iﬂ8O '8 "
ﬁ
&,
ﬁ
:0ﬃ
"H@  #

8Sﬃ3=N$80"
ﬁ
1  )ﬀ .N@^($ﬂ(+1 ﬂ 0 

ﬁﬁ
>J/I1$J C3=@Sﬃ *+ﬃ#$11#
Q
ﬃpD
.<0B$ *+ﬂr!ﬃ"IﬂﬃO+8*+ﬂ
ﬁ
6$83=<$8
ﬁ
C0:"I
Q
ﬃ8*+81*-+(+.ﬂ ,ﬃ7ﬂ9 &ﬃ1#
J *I   ? -
  { %     
   	@ "  
H	 j_   -	  
Hv    
 
0 @I8#%3Cﬃ*+s!. ﬂ !$1ﬂS(+ 34'(+)20 0ﬂ
ﬁ
0 @I8#%3Cﬃ*+ 1$0ﬃ
1
ﬁ
 21 &ﬀ9:8 0$8 0B$ﬂ 81ﬂ91;1*$1=" @  # !G0.$*+p9Gﬃ0p 92(ﬀ0810B$ﬂJ#$($*+ﬃﬀ#
!!20F%!ﬂrL$10AﬂrD
=
$>ﬂ&%&0ﬃ81!/0B$O.016'8O+  <3C ﬂﬂ N0ﬃﬂ&#$(+ *$r!ﬃ
!G0ﬂJ92ﬂ %!
ﬁ
ﬂ ﬂ3C :0
%
ﬂS 
Q
1
ﬁ
ﬃﬂr!3C3=P
%
ﬃ34$1%!= H
Q
 81*+
-+(+ ﬃE9GFﬃ
ﬁ
ﬂ
Q
9Gﬃ2@I 91ﬃIﬂ0;A0;08 @S34'#7ﬃ !ﬃ !G 1
Q
8
ﬁ
(
ﬁ
#
ﬃ%!ﬃP E3  E1ﬃ.0ﬂ +6ﬂ ﬂ ﬂ10
Q
813 !2ﬂ9ﬃ/$40ﬃ @ (+ﬂ !($C0ﬃ %!  "H10
0  Hﬃ%!#$ﬃ ;S92O+ﬃP*$ﬂ 2 ! 1.?! H
Q
 8*$ #'
ﬁ
'&0N%6#'(+ *+ 
9Gﬃ0ﬃ#$(+%P .810 '(+ #%8 ﬂrJ#$ﬃ
Q
8ﬂ 6'
Q
ﬃﬂ:@H 9ﬀ$8ﬂ(-0J'0 

r!ﬂ"'#76.0B$ﬂ:#'(+ *+  !G0.*+$21 J92(+ 0P .ﬃ'(+%!$ﬂ <810F07+6$8%9Gﬃ ﬀ#
%!ﬃﬂ 6' ﬂ10FﬃB$ !ﬃ*$
ﬁ

ﬁ
s

ﬁﬁ
EJ/I1$J<;
Q
*$H0B$ﬂ "I*+
ﬁ
ﬂH0ﬃ '<(+ #%!81 Cﬃﬃ 
ﬁ
$*+ﬃ8* -$(+$ﬂ<5O" #
%
$Sﬃ
Q
;" ($ ?M810 "H@  # !G0 ;"*$;1	? 

ﬁ1ﬁ
 J/I1$J<;$
Q
ﬃ*$ 0B'ﬂ "H@  # !20-$(+ 0 '($ﬃ#%!8ﬂ ﬂ^ﬃ
ﬁ
0
J/I1$J<;
ﬁ
0B$Bﬃs EC!Gﬃﬃﬃ$02ﬂ &M*+81 1
ﬁ
ﬃﬂ 3=3Cﬃ $001 Nﬂ N01  p9Gﬃ*+ﬃ
"I
Q
2"'
ﬁ
80 ﬃﬂI%!ﬂr!&1 !2ﬃ:3=M*+ *+ﬃﬃ03)$
ﬁ
%!1ﬂ 6' ;
Q
 !%#$ﬃ  H*#
! #$ﬃ  $81Jﬂ7!201ﬂ ! ?p !Gﬃ2ﬃ^0=ﬂ !$# -$(+B$01N
ﬁ
922)Mﬂ0 081
%!ﬃﬂ4-+
%
($#
ﬁ1Q
96 +6<1 6$
ﬁ
8*
Q
8Fﬃ#$ﬃﬃP

8  0ﬂﬃ.?'ﬂ 8* ﬂﬂ%,3C$ 0ﬃ81! 0B$O 01 6'8O+  <3C ﬂﬂ  0ﬃ"H@  #
PE

ﬁﬁ
018*ﬁJ/I1$J5, 
 
 hh `Ll/in'h&m)n$hporq &`y%abi[haS`Lhn$t1y)

k   t  `!h `Lhhij`! 
Hw ?`Lgx`Lh `Lt$)Vn'h
s`Lh!k'tbporqBk1n$faSorq/n$t1y.z4k'hl7aS`LhDi m7aS`?h -ij`* ata"`m`!t  z=ha m`!b*
Iatb orqfdn'bbp`!bk1n$g 
 
1`Lte`N~
m`Lb6`Lt/i[bxcshp`ﬃorqe`Lt/m`Lt 
Iatb orqfaS` Bn't1y%b.
$k1n$z=bD


 s`Lh }`!hhDiE`Lb*
H jwx_2af"m4z=adi2m`!t  z=habbp`!t
m`Lb
Iat1bporqfxn$bb `Lbk1n$g 
 
1`Lte`  Nb `Lat/`Lb
Hatbporq1fa"` Bn$t1y+b.
+k1n'zCb

o 
 
 hh ay%aS`Lhij`Lb4
  jw[_GafSm
zCaxi  zCh a =k1n$b

k 
{ % -3
' 
H_4  
 J OJ

ﬁﬁ
018*ﬃJ/I1$J   
Iatb orqfaS` Bn't1y%b.
ﬃ1n$z.`

k 6m`Lh  
Hw ?`Lgx`Lh `Lt4n$tem


 m`Lb  `Lh }`!hhDiE`Lt

H jw[_GafSm`Lb aS` 
Iatbporqf'$bb `6kﬀn$b"

ﬀ {  %{}~6bat/m

`DH`!afbm)n$hporqA`Lat/`LtIgx`Lafsz,k'h l7a"`Lhi
J  )   ? -
  { %     
   	@ "  
H	 j_   -	  
Hv    
 

ﬁﬁ
018* J/Iﬀ J<;    
`!hf k y1`Lhn$t1y  t  
Hw ?`Lgx`Lh `Lt

hp-i n$tem 
H jw  n$g t)k'qz.`

y%hS$t 

k   h m1`Lh
 
 hh `Ll/in$h n'tem


  mﬀk't)k7orqP a"`&qe`Lff 
'f k1n-`Lt Hgx`!afS`&l-`!tt `La"orq1te`LtR`Lat/`LtA_<`Lw
hp`!a"orqe|Im`!h6t)k7orq m1`Lh
 
 h hp`Ll/i n$h6bporqfS`orq/ij`!hF 
1`Lh `Lat1bDi[azCz,i:k'fb&$n  h,a"`CI`La -`Lt Igx`!af"`
z,k}hl7a"`!hp`LtN`!ate` ?`!y%aS te|1
1`La1m`!hVm7a"`
 
hhp`!l/in$h +n:bDixk'hlk1n'bg 'ffdi a"`M_<`!hp`!a"orqe`Maz uah t%ck$w
hp`!teorqz.|/m7a"`:m/n$h orq4y1`!bDi[h a"orqe`!fdiE`|sH`!a ﬀ`4
IffaYcsbp`!ty1`Ll7`Ltt `LaSorqte` iVb atem1|1qBk
`!t4b a"orqFm/n'hporq
m7a"`
 
 hh `Ll/in'h `Lh bporqfS`orq/ij`!hDi

8Sﬃ3= Bﬃ>01 '<(+ #%!8ﬂﬂ&*+813C 01 3=ﬂﬂ >0ﬃ	ﬂ<5O" #
%
ﬂSﬃﬃ
QQ
8ﬂ$3#
3Cﬃ"$s
ﬁ
ﬃV*+ (+O+ !GﬃﬃJ*$
ﬁ
0

81SBﬃ3= 0ﬂL#-81*+ﬂ*$2P1
ﬁ
ﬃﬃB$10ﬃ
.

ﬁ
92278*+ﬃ^01 01(1 $8 ﬃ ﬂ 0  0(* 08;0Q'(+ ﬃ#78 -$(+*+$*
 ﬂ H
Q
ﬃ8*$ (ﬀ01-+ﬃﬂr6$ #7 92(+0ﬃP .ﬃ1
ﬁ
 '8J@S34'#7ﬃ VﬃﬃB!2ﬃ%03
0
%
ﬂSﬃ
Q
3=I0ﬃ3 -+
Q
ﬃ 5!G0
ﬁ
ﬃﬂ'-$(+ 0 '(+ ﬃ#78G1%G .&L#78* 9G$ﬃ
. "H@  #

ﬁ1ﬁ
08*=ﬂr*+ﬃ*+ 1
ﬁ
0
%
$S 
Q
Bﬃ 8% *+ﬃﬂ !$8%D 6ﬃ 01:'(+ #
ﬃ#78:ﬂr:0ﬃﬂ !Gﬃﬃ(1*+ +O+J*$ﬃ92(+0ﬃP
.=9GﬃO+ﬃT@S4#'
Q
2ﬃ ﬃ
%
ﬃ*+(+)  0ﬃN0 3=ﬂﬂ 40ﬃ "H@  #

81SBﬃ3=
-+(+ 0ﬃ '($ﬃ#%!8D1-0 /@I$9ﬀ % 0ﬃ,0ﬃ ﬂ<5O" #
%
ﬂSﬃﬃ
QQ
8;1L#
ﬁ

ﬁ
ﬃPO.8
0R'<(+ #%!869: 0;01ﬂ 

ﬁ
9Gﬃ78* 1
ﬁ
 #$(+3>9/ﬂ r80 0$ﬂ "H@  # !20 1
ﬁ
 0&L#%
78F01
%
ﬂS 
Q
83 pE9  0  @I$9ﬀ[
..92O+H*+ﬃﬂ 1"H29ﬂﬃ 813CﬂO+ﬃ 5-8#%!81$8ﬂ"H@  # 801ﬂ<5O" #

81 #
{ % -3	      9" J  ﬁ
Bﬃ3=ﬃ 0-$(+M014'(+ #%8
Q
8ﬂ!$3=3=

ﬃﬃ'018N01 '(+ #%8V$ﬃ0*+ﬂ*+p!ﬃ%
9:801PA. 5-8#%!81A*$ B3 01='($ﬃ#%!8 1
Q
92
ﬁ
ﬂ?01!G098#%$8ﬂ #
B$0ﬃ .ﬂ ﬁ Hﬃﬂ
ﬁ
8*;ﬂ C$891ﬂ 6ﬃ ﬂﬃ#7&%
Q
8=@ B$ﬂ #'(ﬀ0 %8*
(+%!rD	!Gﬃ 01 '!4-+F@^($ﬂ(+0ﬃﬂﬂ%!? Hﬃ%!#$ﬃﬂ ;[$8V0<#$ﬃ !G0ﬂ .?
ﬂ&%<34$.78<*+ﬃ1*+  H
ﬁ
ﬃﬂﬂ 81*+s
   !0 A95 
.Tﬃ
Q
 ﬂ^ﬂ#$ 9Gﬃ0ﬃ
Q
8 6ﬃﬂr ﬃ
Q
 01ﬂ#781ﬃ A80$ﬂO+ﬃ0&
0RNs81ﬂ!$3=3Cﬃ"$ﬂ ﬂ8* ; '39P J/Iﬀ ﬁ ? M3=!ﬃB'07-+ﬃ*+ﬃP

ﬁ
ﬂO$0R9: 0T4#
 "I3A9Sﬂ81*21
Q
8# 11 !*$ 
= %
ﬂ #

8ﬂ 92r!8*$ *+ﬃ*+
ﬁ
s
!#"%$%$)! *,+-/.1032%4-65171032
!G  !ﬂ?ﬃﬂ  ﬂ^ﬃﬂ 3Cﬃﬂﬂ81*+ 3=0?81ﬂ91;1*$ -+(+ B$
QﬃQ
$ 0 -+(+ *+ﬂ $*$ﬃ '<(+ﬀ#
ﬃ#783=ﬃ(-03=278Gﬃﬃ " (
Q
0 #e 
QQ
*$!ﬃ,ﬂﬂ 1
ﬁ

Q
ﬃ8*+10="I*+
ﬁ
ﬂ ﬂ'
.?$$8< 9:800.0 " (
Q
ﬃ=T013

5
 #j5ﬀ&ﬁ78ﬃ
Q
810R0B$ﬂ

8ﬂr9Gﬃ &9 (3#
*+!'3C3 ﬃ*$ﬂ21*$ 6<8 #+ﬃ>3C :0# 1 
Q
ﬃﬂ  " (
Q
ﬃ0 #e 
QNﬁ
ﬂ (+0ﬃﬂ?ﬂrL$ #$3
(+#}$
ﬁ
ﬃ*+ﬃ
Q
5- + 8*+ﬃ #$(+ *$rV9201+9:Jﬂ
Q
 !7$A+6p9G
ﬁ
 # 8 # 
ﬁ
 * 6$*+ﬃ
(ﬀ01I3=ﬃL'ﬂﬃ  E3>9 $%!'!ﬃC'8 ! ﬃ!ﬃP*.
ﬁ
ﬃ0ﬃ  6$*$ﬃR"'1(
Q
ﬃ!01 #eﬃ
Q
ﬃCﬃ*3#
 ﬂ
ﬁ
ﬃﬂ(+01ﬂ
Q
8 '(+ #%8 -$6$ﬂ 3B6$O$*.*+ﬃ1*+= H
Q
 81*+T,!Gﬃﬃ
*+ﬃJ@I$9ﬀ19:ﬂ 6$0ﬃ ﬃ81! -$ 9210ﬃ
=&%
#ﬂ (+3=(+*+!39$81 !p!ﬃP
.H@ B'7(+3=3Cﬃﬂﬂ81*+
Q
ﬃ*+ﬃ ﬂ (9G(%17$3J%+, ﬂ #e$ﬂ $8 $3 ﬁ ﬂ #ﬂ (+3C($*+!ﬃ90B$OJ0
=
ﬃ(-0N2778?06$8O$ﬃ 3=ﬂﬂ  9:ﬃ0Bﬃ
Q
8 9/ Sﬃ#%&$8H01 81ﬂ91;1*$1
+6ﬃ(+3=ﬃ!  -+ﬃﬂ1
ﬁ
 ﬂ (+0ﬃ$8.01ﬃ.5-! 8#%!8 .0ﬃﬂ:@'$%!(+3=ﬂ
Q
8-+ﬃ 6'ﬂﬂ*
#$(+ *+ﬃ DK.ﬂ
ﬁ
0ﬁ"I*+ﬂB3 ﬂ10.0  H($!$8ﬂ ﬂp
Q
81* 0B321ﬂ0B$O0 !G0#'(+ﬀ#
ﬃ#78
ﬁ
  E%!ﬃ*+!}!($F  
=&%
ﬂ #

8ﬂ 92r!81*
Q
8 ﬃﬃ
Q
8-+ﬃ6$ﬂﬂ *+ﬃ Ns8(+01-81*
Q
9:ﬂﬃ $#%!4- r!ﬃ

$ﬃ810 'B'!($3Cﬂﬃ 5-8#%8ﬃ 211 D
6ﬃ0ﬃ4'<(+ #%!81
ﬁ

ﬁ
 I3=ﬃ

ﬁ
92278**$*+ﬃ 1
ﬁ
ﬃ^0ﬃ
%
$Sﬃ
Q
-+(+3
@I$9ﬀ[E.ﬃﬂ .$#sﬃ
Q
#'(+3C3 :0B$08 
Q
8ﬂ !$03e0$O 0="I% 6$*+601
ﬁ
ﬃﬂﬃ
@I$9ﬀ4-+ ﬂ
ﬁ
81*+#}$ :3=3CﬃMﬃE9G6=@I$9ﬀﬃ*+ *$I$81ﬂ

ﬃC$ﬂV02L'ﬂ 6ﬃ=$8 #
! ﬃ!ﬃ0ﬃ  Hﬃ
Q
 8*+ﬃP .?$ﬂ #''R1ﬂ  !ﬂ$Tﬃﬃ3 81*+$8
Q
2

ﬁ
 '8
J     ? -
  { %     
   	@ "  
H	 j_   -	  
Hv    
 
; " (
Q
 !0$#sﬃ
Q
) "H@ P" (%
ﬁ
ﬂ L'0	?03

5
 # (ﬀ0ﬃ 0"H@  #j5ﬀ&ﬁ78ﬃ
Q
*$
0&1%6 91$#%60ﬃ3 -+(+ *+ﬂr!ﬃ?8;r6%!ﬂ927

01ﬃﬂ ﬂ6# +1 0ﬃﬂ
Q
8*#
ﬂ 6'
Q
ﬃI08  0@ B$ﬂ #}$r!%Cﬀ"$O$!ﬃ  Hﬃ
Q
ﬃ 8*+ﬃ08 
Q
ﬃ!
ﬁ
 6$1*+*+
5- $8*$/9:
Q
 ! 8 
ﬁ
ﬂ  +3= >0:+&!$0%!ﬃﬂ918ﬃ -$81ﬂ!37 ﬂﬃP
Ns L
ﬁ
#
 6$*$*+5- +81*+,#+ﬃ.08 @'$ﬂﬃ#}$ .*+ 80ﬂ6'
Q
C%G#$(+ *$rH9Gﬃ0ﬃP
. ﬂ
8
ﬂ 3C'!ﬂ

ﬁ
922-81* 01ﬂ.#$($*+ﬃ  !G0ﬃﬂA-+($ 01
%
ﬂS 
Q
#}$
Q
 !
08  ﬃﬃ 3>9 ﬂ1 5ﬀ#}$ 8*+ﬂﬀ"$#%!(+>21.0& H ﬂ
ﬁ
81*+ﬂ#}$r! $8ﬂ *+*+ﬃ
9Gﬃ0ﬃP
 E !2ﬃﬃ
ﬁ
ﬂ (+0ﬃﬂ 1(%5ﬀ81ﬂ
Q
ﬂ91!
ﬁ
 6'!ﬂ<1
ﬁ
ﬃ* 6'*+
Q
ﬃ*$60='<(+ #%!8<3=:$*#
*+&9$O$!ﬃ " (
Q
ﬃ ﬂ*+

#}$%
ﬁ
ﬃﬂﬂﬃ:"I*+
ﬁ
ﬂ ﬂ<$ﬂI0!'<(+ #%!8H3=I78Hﬃﬃ "'1(3#
Q
ﬃD ..081

8ﬂ +ﬂ781*
ﬁ
ﬃ! (#eﬃ!Gﬃﬃ#$($%! -+ﬃ#7ﬃﬃ  9Gﬃ0ﬃP .ﬃﬂ
ﬂr-/ 1ﬀ$80  Hﬃﬂ
ﬁ
8*-$(+ !G0981#%!)ﬀ0'8ﬂ201ﬂ  !2ﬃﬃ,9Gﬃ*%9 ( 
Q
r
9:801^$ 2ﬃ <ﬂ918*
Q
8<1L#
Q
8211s .ﬃﬂ'<(+ #%!81 *+ﬃ $*ﬂ(92(%'21 3=$#
L$ﬂ  E3>9$%L'ﬃ'ﬂ:$8521	8 #G8 'ﬂﬂﬃﬀ#
ﬁQ
96  81 #ﬀ+&ﬃ92
ﬁ
$# 
ﬁ
 * 6$*+'
3 1P01I$1ﬂO$0

8ﬂ 92r!8*<0ﬃ
=&%
ﬂ # .'!ﬃﬂ -$(+ !G0ﬃ81!81*0B$OJ0$ﬂ !G0!'81#
ﬂﬃ>08 >0B$ﬂ '<(+ #%!8ﬀ-+ﬃ "ﬃ >2% -+ﬃﬂ  6$#%?9:0P .?
ﬁ
 3Cﬃ%!Nﬃﬂ?$8>#' #
 <7 ﬂ0B(
ﬁ
0&@ B$ﬂ #}$r!78J*+

  (ﬀ0ﬃ Bﬃ0ﬃ!3M ! 8* 08
Q
9203=ﬂ (+$ﬃﬂM@ (+
8
(+3 $1*+

 !pV9:801P

8 0ﬃH5ﬀ*$B$3= !ﬃ92 Pﬂ MBﬃ0ﬃ
'(+ ﬃ#78:8 -+ﬃ 6$01 
6ﬃ40 9/(+ﬂ !4-+ﬃ"I*+
ﬁ
ﬂﬂﬃB2120@ B$%!(+3=ﬂ 80C9:810?01
=
ﬃ(ﬀ01?$8,$8
@I(
ﬁ
'0 $*+p9Gﬃ0pDs5ﬀ(9G(%1M$3 J% , ﬂ # 'ﬂ<$8 $3 ﬁﬂ # ﬂ^(+3=(+*+ﬃ9ﬃF#'(+%!ﬃ 0
"I*+
ﬁ
ﬂ ﬂ.'8ﬂN0ﬃT@ B$%!(+3=ﬂ 80
ﬁ
ﬂ  6'!*$9Gﬃ0ﬃP0.?$ﬂ!Gﬂ92$8ﬂ

ﬁﬁ
 JLI1 J/)
Q
ﬃ*$& 0$O 0F!'!ﬂ6ﬃ2 $0 ﬂ (+3=(+*+!39$8 ﬃ01 H
Q
ﬃ81*+  #sﬃ#%!2-
$8ﬂ *+*+ﬃC92 0.#+ﬃ$8$3 ﬁﬂ #ﬀ+&6'D "I1 !G0981#%-+ﬃﬂ
ﬁ
8*-$(+
ﬁ
ﬂ
Q
8- ﬃI@I$9ﬀﬀ*+*$ 1
ﬁ
I0ﬃ
%
$S 
Q
9:8 0Jﬂ(92(%21 V0 6$8O+ﬃ !Gﬃ*+ﬃ
Q
81*$ﬂM$8
21I0Jﬃ5-8#%!81 01ﬂ +6ﬂ ﬂI#$(+ *+ﬃ DS.ﬃﬂH9:0ﬃ83 21 
ﬁ
 
=&%
ﬂ #r5-80ﬃ
Q
8Nﬃﬃ@-$
ﬁ
ﬃﬂﬂﬃ  
ﬁ
$*+ﬃ8*
Q
9:ﬂﬃC'B'!($3Cﬂﬃ3
=
@
%

+=" # .?'ﬂ'
Q
80
0F$8ﬂ:#'(+ *+ ﬁ"H@  #

8SBﬃ3= ﬃ -+($*+ﬂ01

#72- ﬃ81*+ﬂ#}$r!s
. '($ﬃ#%!8V3= !ﬃﬂ $*+ﬂ9B$O$M@'$ﬂﬃ#}$ 
Q
ﬃ8*$!G#$
Q
8ﬂ 6'
Q
ﬃ 5- $8*$
60ﬃ "H@  # .?'P .?$ﬂ ﬂ !'!ﬂ ﬂ1 !G0918#%!$8ﬂ1 810 0ﬃV5-*+B'3= 9Gﬃ s9G$ 
8 -+ﬃ 6$01  .?$ﬂ
ﬁ
0181ﬃ B0$ON0?*+ *$5! / A. # '<(+%!$ﬂ ﬂ%9 '#78*+ﬃ/$8 03
0 
= %
ﬂ
ﬁ
87&H08 0ﬃ'<(+ #%!8=27
ﬁ
ﬃB81O$C92 0s .ﬂ ﬂ^'!ﬂﬃﬂr
!G01*+81*>0B321ﬂV0B$OA0  H
Q
ﬃ81*+ﬂ#'(+ #%!814T01B
=&%
ﬂ #

81ﬂ 92 8*;%!ﬃ*+ 
{ % -3	      9" J *,
9Gﬃ0ﬃ #}$P "Iﬂ 9 6'B$#
Q
&91!
ﬁ
ﬃ M921 0ﬁ'<(+ #%!81 '<(+%!!'ﬂ !ﬂ%9 $1#-81*+ 
05!201 1 -$(+ 8  ﬀ00B$ -$(+3

8ﬂ 92r!ﬂ9(+*$!$3=3 8
Q
81#e10r9Gﬃﬂ $8 01
! / A. # '<(+%!!'ﬂ 
Q
81;1L#7*+$21 810 'ﬂ,ﬃ8($B$

#%!4-ﬀ 8*T%91ﬃﬃ ,92 0
# +1P
Ns8ﬂ!'3C3="'ﬂﬂﬃ0 ﬂ C0& Hﬃ
Q
 8*+ﬂ #$(+ ﬃ#783C ﬂC$*$&9B$O'!,@'$ﬂﬃ#}$ 

Q
81-+  6$ﬂ ﬂ*+&80(
ﬁ
8ﬂ 
=
ﬃ(-0&0B$ﬂ!G0981#%!0ﬃ(+#}$ﬂ!}!($="H@  # .'!ﬃ1#
ﬂ 6'
Q
ﬃ
Q
8T#$($*+ﬃﬃ ﬂ
ﬁ
ﬃﬂ(+01,$8T,!G 2
ﬁ
ﬂ($0 ﬂNﬂ !$#'=5ﬀ81ﬂ
Q
ﬂ91!
ﬁ
4#
 6'ﬂ!$r!ﬂ"'#7C9:
Q
 !
ﬁ
 3=ﬃ!$ﬂ1  E3>9 '7!'!ﬃ (-0>+&ﬃ92
ﬁ
$#  81 # 
ﬁ
ﬃ* 6'*+$

8S*$800ﬃﬂ8 -$ 6'0r!ﬃ 5ﬀ*+$2-$$ﬂJﬃ*+p:ﬂ2F0
=
ﬃ(ﬀ01 $8
Q
8 '<(+ﬀ#
ﬃ#78 -+($ 
= %
ﬂ # .?}!>810A#''
Q
8>0ﬂﬃ3 Ne92&L# >$81(+3C'!ﬂ .?'!ﬃB$8ﬂ #
9Gﬃ 8*=%!ﬃ*+ J92 0s
!#"%$%$&  03+%5 4 -/2 -		-7ﬀ 2
!G70ﬃ '<(+ #%!81 3= !ﬃﬂ
=
ﬂ#}$B'3=(ﬀ081 '(+?ﬂ  0 #?8B' 6'0ﬃ>"H *+
ﬁ
ﬂ ﬂGﬂ (9G(%1
$3 J%+, ﬂ #V$ﬂ $8,$3 ﬁﬂ #ﬂ (+3=(+*+!39= 
ﬁ
>-+(+40 5-6$ #$0G5ﬀ8ﬂ
Q
&9ﬀ!
ﬁ
 6'ﬂﬀ#
$ ﬂ"$#%>
ﬁ
 6'*+*1 B$ ﬂr6$ #$ﬃ.0ﬃ H
Q
 8*$ 08
=
'*+ﬃS01(+3C($*+ 6'
$8ﬂﬀ"$ﬀ83Cﬂ ( 8
Q
81210ﬂ :01 !G0#'(+ #%!8ﬃ
%!ﬃV01D$!20*+8*$ 21^0 "H@  # !G0*+
ﬁ
8*; (+3=(+*+ﬃﬂ N
8
10 9B$%!($3  (%91#
!34$J5113=1ﬂ !ﬃ8* ? 
ﬁ
B0ﬃC0 /? *+B$
ﬁ
01 $=3C(-0 
=&%
#ﬂ (+3=(+*+ﬃ9ﬃ
(%ﬂF78ﬃ !G0981#%!0ﬃ(+#}$ﬂ!}!($B-+(+FﬃE9G4
ﬁ
ﬂ
Q
92V@I 91ﬃ $8 92ﬂ /%ﬀ#
ﬂ9 &ﬃA0 !G0:Bﬃ>01 '<(+ #%!81? 91$#%&0ﬃ 3B(+ 3 01	ﬂ<5K"#
%
$S 
Q
$8SBﬃ13C'
"Iﬂﬂ0 #' 5- +81*+F08
Q
8ﬂ 6}
Q
ﬃﬂ?@I$9ﬀﬃ!'8ﬂﬃ 3 "I *+
ﬁ
1ﬂ0'!ﬃﬂ!'
Q
%ﬀ#
ﬂ !$0ﬃP
!G^0 '(+ #%8 -+($ "H@  # !201)e0 ﬂr6$ #$   H
Q
 81*+A(-0?ﬂ (+*%$?5ﬀ*$B$ '8ﬂﬀ#
 +ﬂ78*+ﬃ $81 9Gﬃﬂﬃ)ﬂ  +O$:0='(+ #%83=ﬃ(ﬀ01  0(* 'F2 +&ﬃ
Q
ﬃP 6ﬃ0ﬃ
'(+ ﬃ#78
Q
*$0:+&(+3=ﬃ>0 "H@  #

8Sﬃ3=; 6'8O+ 3 <3C OR80 ﬃﬃ
5-! 8#%!8M1
ﬁ
ﬂ ﬂ  
ﬁ
 1ﬂ !3C3 8*<3C ^01
%
ﬂSﬃ
Q
$8Sﬃ3= $ﬂ@-$(+V0ﬃ '($ﬃ#%#
!8ﬃ .ﬃﬂ  Hﬃ
ﬁ
ﬂ ﬂ 8*0ﬃ +&(+3=ﬃ69:0  0(*
ﬁ
*+ﬃ<3=<! H *+ +O$81*
0H081.5-*+B' $8ﬂ  +ﬂ78*
ﬁ
ﬃ! (#eﬃ
%
*+(+)+ﬂ*+

#''7 %ﬃ3 @I 91ﬃ$8ﬂ1
ﬂ(9: 11 +3=*+ﬃF5-! 8#%!8 A

8ﬂﬂ #$(-0 %!81*3  EﬃA0ﬃﬂ6@ B$%!(+3=ﬂ&
$8
ﬁ
ﬃ (+3=(+*+ﬃ@ B$%!($3CﬃP
.A+&810 21 =01
ﬁ
ﬂ (+0ﬃﬂ=*+81!ﬃ'<(+ #%!81 *+
ﬁ
ﬂ ﬂ
ﬁ
ﬃJ*+ *+ﬃ  H
Q
 8*$
J     ? -
  { %     
   	@ "  
H	 j_   -	  
Hv    
 
*$< 0
=
+*+#'&e3=<0ﬃ
=
ﬂ#}$B'3=(ﬀ081 '(+$8
=
$*+pS0(+3=(+*+14#
6' 08 
Q
!
ﬁ
 6'*+*$:5- $8*$ 9:
Q
 !7108
Q
r! 8 
ﬁ
ﬃﬂr! $3C
Q
84#'(+ *+ P
.? 0 '(+ ﬃ#780'!ﬃ 3=:*+ﬃB$8 01<ﬂ
ﬁ
ﬃ?"H@  #r5ﬀﬂﬁ78
Q
*+ﬃ92(+ﬃ 9201 9:0$ﬂ
8ﬂ9;1 *+2 !G0I# +1 ﬂ6$3 ! <ﬂ!3 -$(+ H
Q
ﬃ81*+0ﬁ78B'7

Q
ﬃ C80
08 F0
=
&1#}$B$3C(-08'!(+,'8ﬂ*+ﬃ*+29201P
.ﬂ^'!ﬂﬃﬃ10B$O 01?@ B'ﬂ1S&G018ﬁ"H@  # .?}! ﬁ78B'7

Q
ﬃ G92 0)1-+ﬃ8 ﬂ!ﬃ%
$ 0*$ﬂH$8.@I(
ﬁ
ﬃ3C' +&$00(+ &%9G(N01
=
$*+pSﬃ0(+3=(+*+ﬃ 6'!ﬃC'3 ﬂr6$ #%#
ﬂ  ﬂ 0)/#'(+3=3 <ﬂ
ﬁ
>"H@  #

8SBﬃ3=
Q
8

8ﬂ +ﬂ781*+P .:'($ﬃ#%!8 0B'!ﬃﬂ!}
Q
B'3 !2
Q
81*;'85ﬀ*+$2-$8ﬂ N0,ﬂ 
ﬁ
ﬃ @I (
ﬁ
ﬃ3CC9:,0B'ﬂ
Q
8R#$(+ *+ﬃ10 !G0P

8ﬂJ01ﬂ 3 +&810#''0
=
& #''B$3=(-08 }!($4ﬂ  6$#' = Hﬃ
Q
 8*+ﬃ-+ﬃ8 ﬂ!ﬃ%
08 0+&ﬃ92
ﬁ
$# 8 ﬀ# 
ﬁ
ﬃ* 6$1*+F(-0ﬃC3=ﬃ!$ﬂ1  E3A9$%L'ﬃV1%43=&1
Q
8-+ﬃ 6'ﬂﬂ*
#$(+3>9/ﬂ  PM5-!' 0ﬂ ﬂﬃ
Q
*+;0=#$($*+ﬃ :!G0 -/Yﬀ^"!Gﬃ2)^0>-$(+
5ﬀ*$B$2-$ 8ﬂr
ﬁ
ﬃ(#e ﬂ 0)2ﬃF0812& H ﬂ&%!ﬃ81* *$*+ﬃ 1
ﬁ
ﬃ,03 /?*+4#
B$
ﬁ
0P .81 0
=
ﬂ#}$$3=(ﬀ018 '(+3C Fﬃﬃ3 '(+ ﬃ#780'!ﬃﬂ!'
Q
$8ﬂﬂ !$#
ﬁ
ﬃ7 6ﬃ%*$ "H@  #

81SBﬃ3=T9201 3  H*$2
Q
813 /?*$B$
ﬁ
0
Q
8ﬂ6'
Q
2
5- $8*$.0B$ﬂ:#'(+ *+  !G0.*+
ﬁ
!ﬃ%D

8ﬂ=0ﬂﬃ3 +6 80ﬂ C0 '($ﬃ#%!8C3C !ﬃﬂ
=
ﬂ#}$$3=(ﬀ018 '(+:21"H@  # .?}!)
0 21 =ﬃﬂ9 6'!ﬃ5
=&%
ﬂ #

B$
8
ﬂ*+781
Q
=9Gﬃ0ﬃ ﬂ($ﬃR%=*+ﬃ*+1ﬃD E1ﬂ
ﬁ
ﬂ($1#
0 
ﬁ
ﬃ:@M'% 3C 3CpL$ﬂﬃ  E3A91 $%L}!(211  0 '<(+ #%!81=ﬂ
Q
8 ﬃﬃ
 H ﬂ&%!ﬃ8*C0"H@  #

8SBﬃ3=F$ﬂ
Q
81  H
ﬁ
ﬃﬂﬂﬃ81*
!#"%$%$   0 .	7@5 0 5  2
.="I *+
ﬁ
1ﬂﬂ $8ﬂ'6ﬃ9ﬃ J/Iﬀ ﬁ1ﬁ
Q
ﬃ*+ﬃ0B$O 0='(+ ﬃ#78:08 
%
*+ﬂ ﬃ81*
Q
9G$
0 <3C ﬂ ﬂ&0ﬃ:"H@  #

8SBﬃ13C6ﬂﬂ:*+81<$0ﬀ 1*+ﬃ01
%
$S 
Q
$*$2#}$)
0 
ﬁ
ﬃﬃﬂr!3=3N81*<01  '*+ $B'(+3Cﬂﬃ 5-! 8#%!8  3  E1ﬃN0ﬃﬂ+&&ﬂ 081
0 '<(+ #%!8  0(*,ﬂ-+ ﬂ&%!ﬃ J9:0P1+&!'001:#$(+ ﬃ#7  $*+<02$B}!(+3=4#
ﬂﬃT5-8#%8ﬃ 3 +&&Aﬃ '2-
Q
8/ﬂ<5O" #
%
ﬂSﬃﬃ
Q
ﬂ 
ﬁ
6ﬃ7ﬂﬃ0ﬃ0,21&01
"I S(+*0'($ﬃ#%!8 3Cp (-0ﬃ-/ 1B 
<
ﬁ
L#,'8M01

%92018*
ﬁ
0ﬃ 
=&%
ﬂ&
"I +&810,21 01.5*79 6ﬃﬃ0ﬃﬂ-'($ﬃ#%!8ﬀ-+ﬀ"ﬃ ﬂ
ﬁ
 ﬃﬃ 5-! 8#%!8 R*$
0B$ ^0B$O>0'(+ ﬃ#783=ﬃ(-0
ﬁ
ﬃJ0=5-8BﬃR0ﬃ=(ﬃ91!34$ ﬂ^$S(+ 34'(+
%
ﬁ
<1L#7ﬂ27*$&0B$O  H
Q
 8*$F$8ﬂﬂO+,
ﬁQ
96%!*$*+ﬃ01J@ B$ﬂ #'(3#
0ﬃ %!81*.$8 ﬃP
.?$3=?ﬂ 
Q
8> #-6$ﬃP0B'O,*+N5-! 8#%!8  0ﬂ="H@  # !201ﬂ&
{ % -3	      9" J  ;
0<8 ﬂ9<1*+,3= 0ﬃG%ﬂ9 &ﬃ0 5-8#%!81 3
%
ﬂSﬃ
Qﬁ
04.ﬂL#78*9 ')
BﬃA0ﬃ '<(+ #%!81&ﬂ1#- &%
Q
86@ B$ﬂ #'(ﬀ01 278*5-+ﬃﬂ1(
ﬁ
ﬃ ﬂ0P .ﬃﬂ&ﬂ(+!

Q
8# 1 *+ﬃ @I($*+!$3=3 -$ﬂ (+
ﬁ
<1L#7ﬂ27*$<9201P
"I492 ! !6ﬃ%!s0ﬃ
=
p (-0&ﬂr -0B$ON01 ﬂ !$1ﬂS(+ 34'(+1ﬂ3C'! $9 3C3= $8 0B'ﬂ
*+ﬂ$3 !G0 '*+ﬃ9210ﬃ?9:0P .?$ﬂ O$ /0B$OCﬂ>01 '(+ #%8?ﬂ !$#'ﬂP
ﬁ
(+#}$
ﬁ
ﬃ*+ﬃ
Q
= H
Q
 81*+ 9: ﬂ 
Q
 ! -+(+;3CpL$ﬂﬃ  E3>9$%L' -+ﬃ8 ﬂ!ﬃ%N92 #
0)P3=3Cﬃ'8 0B$ﬂ "I*$
ﬁ
ﬂ&0ﬂ&*$ﬂ!'3 !ﬃ !G0ﬂ$8ﬂ 9:#' $8A921 *$(+O+ﬂ^ﬃ
0ﬂ !G0ﬃﬂJﬂ-$%!8ﬃ 27 -$(+ﬃ Hﬃ
Q
 8*+ﬃ
ﬁ
ﬃ(#eﬂ0PE.ﬂ:#}$9:&3 "H *+
ﬁ
#
ﬂr!ﬃ*+
Q
*$ ) 0ﬃ 8ﬂ9;1 *+2 8 -$
Q
  !ﬃ !G 1
Q
8F Hﬂﬂ%! 8*
0ﬂR"I*$
ﬁ
ﬂﬂ ﬂ 08  
ﬁ
ﬃ#$($3A9/ﬂ'!(+"21 P .
=
$*+2#$ﬃﬃﬃN 6$813Cﬃ
+6p9:%!81*C01ﬂ^$ﬂﬀS(+3C'!(+,9 6$6&0ﬃ81!  H
ﬁ
ﬃﬂﬂ 81*
.8  0 '($ﬃ#%!8=3C ﬂ
%
*$ﬂ 81*>9:80F0ﬂ !'!ﬂ ﬂ1 #?8B$ 6'0ﬃB!G4#
02%
ﬁ
ﬃ7 6ﬃ%*$K.8.0 '<(+ #%!81GﬂrG#'
Q
8ﬂ6'
Q
2ﬂG@H 9ﬀ$8ﬂ,(-0ﬃ
$0ﬃ

 !$"$#%!> 0B$ﬂ.#'(+ *+  !G0 ﬃ*$ﬂ21r,92(+0ﬃP .ﬃﬁ'(+%!$ﬂr80 0
+6$8%9Gﬃ %!ﬃﬂ 6'
ﬁ
ﬃ
ﬁ
 B$P  Eﬂ (ﬃS  9 6' 01ﬂ  '<(+ #%!8 3Cp (-0 $8 21 
0

%9Gﬃ08*4.0ﬃ 
= %
ﬂ *+ﬃ*+ﬃ
"I  H(+ ?0ﬃ'<(+ #%!808 
%
*$ﬂ 81*Rﬃ*$.0B') 0B$OR3C$ 0 ﬂ !$1ﬂS(+ #
34}!($ﬂ3C'! $9 %E9Gﬃ0 21 0;
Q
 51% 012- 0816(-0 $ﬂF ﬁS. #
ﬂ^$ﬂﬀS(+3C'!(+21H0ﬃ ﬀﬂ   !" ﬂ?.?'ﬂ'
Q
 ﬂ   +92(ﬀ018Cﬂ4$8R H
Q
 8*$
Q
9:ﬂﬃF0ﬃ 5*%!ﬃF#'(+ *+ . 'ﬂﬂﬃP !GﬃP
Q
 !2

ﬁ
S(+*+?3=& ﬃ

81 #
Bﬃ3=) 9:C;01 
= %
ﬂ  #'' 3C$ '8O+ 03  ﬃ0

8SBﬃ13C=
Q
ﬃ #'(+ *+ 
(ﬀ01Gﬃ
Q
*$	ﬂ !$ﬂﬀS(+3C'(+3C'$9 21 ﬂ6$3 !

81SBﬃ3= -$ 9210P

0 ﬂ
$ﬂ
ﬁ
 0ﬃ
Q
8-+(+
ﬁ
ﬂ91(*ﬃ '(+ ﬃ#783=ﬃ(-0# +17 ﬃ '($ﬃ#%!8  0ﬃﬃ1#
Q
ﬃﬃ

8SBﬃ13C$81: Hﬃ 6$0181*+R9 6ﬃﬃ0 0
=&%
ﬂ # %!ﬃﬂ 878*
Q
 !I081
'(%91
ﬁ
p9Gﬃ*+8*+ﬃ 0ﬃﬂ@^'!%!ﬃB$*+ﬃP
"I 92 ! > H(+ 70ﬃ0'($ﬃ#%!8^08
%
*$ﬂ 81**'^N0ﬃ ﬂ^'!ﬂﬃﬃ$0B$O#'
Q
8ﬂ6'
Q
2
= %
#

8SB33Cﬃ>$# ﬁ78 ﬃ <9Gﬃ0ﬃ>3 1ﬂﬂ P "I 8 -$
Q
  !ﬃ=.?'ﬂ'
Q

0?$ﬂ
%
$S 
Q
0ﬃ>#}$)9: 0
ﬁ
ﬃ 
=&%
ﬂ #%ﬂ 878*+ﬃ;(ﬃ&1
Q
8>0 $*$(+ﬂ 4#
ﬂﬃNe92&L#' $*+$Sr!*'D4.?$ﬂP'($7!$ﬂr-$$R0
%
$Sﬃ
Q
ﬂr0B
ﬁ
2%-$(+
!G01818*Pﬂ (+ '*+ ﬂ >ﬃ7ﬂ9 &ﬃ045-! 8#%!8 
Q
8>ﬃ#'ﬃ;ﬂ 0s5ﬀ(+3=<9: 0 0
%!ﬃﬂ 878*+ﬂ
Q
  21:0ﬃ @^'!%!ﬃF810F01='&#=%
Q
8ﬂ 6'
Q
5-+  6$1*+rD
J  =   ? -
  { %     
   	@ "  
H	 j_   -	  
Hv    
 
!#"%$%$ 

 .1-   032 - .@.  2
 E05-+(+$*+ﬃ*%$*$ﬃBﬂﬂ9B$!}! .ﬂ#78ﬂﬂ (+10:0 A'($ﬃ#%!8 3Cp (-0:;"$*+ #
9B$O$,@ B$ﬂ #}$r!ﬃ
=
&1#}$B$3C(-08'!(+A80
%
*+ﬂ ! ﬃ8* ?
Q
ﬃ*$  ﬃ0
=
ﬃ(-0
012- 081  H($ﬀ# 80637$ ECﬃﬃ3K
ﬁ
ﬂO+ﬃ0ﬃR Hﬃ*+ 0ﬃH0ﬃ
=
ﬃ(ﬀ01
r9Gﬃﬂ ﬂ2 0 '($ﬃ#%!808A'*+&9$O$! @ B$ﬂﬃ#}$ A$ﬂ'3
ﬁ
ﬂr!ﬃ *+ﬃ*+1ﬃ 21 
0 "I7
Q
ﬃ81*>-$(+ﬃ"H@  # .?'01?B
=&%
ﬂ #

8ﬂr9Gﬃ !81*+5-+ﬃ 9201ﬃ<9Gﬃ0ﬃFﬂ (+P
5ﬀ
Q
2pﬂ *+*$ 1
ﬁ
:0!'<(+ #%!81<018
=
&1#}$B$3C(-08'!(+4ﬃﬂr!1ﬂ081
 
%
(
ﬁ
81ﬂ  1&$8> !G 2A3=<ﬂ !$#'  H
Q
 81*+A(-0ﬂ(+*%'&5ﬀ*+B$$8ﬂ 3#
ﬂ78*$
Q
 !B08  3=ﬃ!$ﬂ1  E3A91 $%L}!ﬃ1$8ﬂﬃ Ne9Gﬃ!ﬃﬂ<ﬂ :01
Q
ﬃ!

8 9G$0
ﬁ
ﬃ^01

8SBﬃ3=N0ﬃ '($ﬃ#%!8 0B'!ﬃ>80>0ﬃ&$ﬂO+ﬃ0ﬃ 6ﬃ -+ﬃ!$
ﬁ
ﬃ8* #

ﬁ
 *+ﬃ1*+ﬃ <0 01 !ﬃﬂ92 0T018 01R'(+ ﬃ#78 #'
Q
8ﬂ 6}
Q
ﬃ

r! #
"$#%!:(-0 @I$9ﬀ!$81ﬂﬃ, 0B$ﬂ !G0 *+ﬂ21  "H 6ﬃ%!ﬃB0ﬃ '<(+ #%!8 08 ,$*#
*+&9$O$!@ B$ﬂ #}$r!4ﬃ*$ =0 !Gﬂ 6'#78* $8P0:'(+ ﬃ#78
Q
 !=#$(+ﬂrL$%
@ B$ﬂﬃS&1ﬃ  E3 +&*+ﬃﬂ!'
Q6Q
80&'(+ #%83=ﬃ(ﬀ0108
=
ﬂ#}$B'3=(ﬀ081 '(+
(ﬀ01
%
*+ﬂ ! ﬃ8*.#+ﬃ " #e#%! 9:
=
'*+ﬃS01(+3C($*+ 6' 018;08
Q
ﬃ 
8 
ﬁ
ﬃﬂ  +3=018 @'$ﬂﬃ#}$  1%<#$(+ *$r 9201P
. H(+  01 '<(+ #%!81?08 
=
& #}$B$3C(-08'!(+.*+ﬃ F0
=
+*+#' 0ﬃ
'(+ ﬃ#78
Q
 L
ﬁ
6$*+*+2@ B$ﬂﬃS&1ﬃ .?'08.#'(+%!ﬃ
Q
 ﬂ&1ﬂﬂ *+8ﬀ! '<(+ #%!81 #
*+
ﬁ
ﬂ ﬂ ﬂ
ﬁ
ﬃﬂ(+10 
ﬁ
V*$*+ﬃ  Hﬃ
Q
ﬃ 8*+ﬃ 
Q
9Gﬃ0ﬃP@!GIﬂrL$ #$  H
Q
 #
81*+ #$(+17 0
=
p (-0	 0(* % 1
ﬁ

Q
8*$P 8;*+ﬃ
Q
8ﬂ 6'
Q
ﬃ3 @I$9ﬀ!$81#
ﬂﬃ4810

 !$"$#%!ﬃC=01
%
ﬃﬂ8 L'=ﬂ H01ﬂ 
=
ﬃ(-01% 21H0!'<(+ #%!81'-$(+

=&%
ﬂ # .?'!ﬃF*$*+pD
. '(+ #%83=ﬃ(ﬀ01J3C !ﬃﬂ
%
ﬃ*+ﬂr! 8*&ﬂrI3 !G
Q
8*$8e0 !G0ﬁ78B$ 6'^0ﬃ
%
 #
ﬂ8 L' ;[@I$9ﬀ!$81ﬂﬃ

 ﬂ"$#%! ? 21  0R'(+ #%87-$(+,
=&%
ﬂ # .?';*+ﬃ*+pD>.
*+($3Cp!ﬂﬃP"I*+ﬃﬂB  ! 0ﬃ ﬂ^$ﬂﬀS(+3C'!(+ 3 1ﬂﬂ C$01*+ﬂ (*
ﬁ
ﬃﬂﬂ  $0
+6ﬃ*+
ﬁ
 ! 0 "H@  # !201*+
ﬁ
81*.$*$&9B$O'9201P "I ﬂ ?92Aﬃ 9:#72 '(+ #
ﬃ#78 -$(+ "H@  #M H
Q
ﬃ81*+ 3  E1 A0ﬂ +6ﬂ ﬂ0ﬃ&@M}!ﬃ%!  27?80>0

ﬁ
 1ﬂ !3C3 8*=3C 01
%
ﬂSﬃﬃ
Q
-+ﬃ
ﬁ
ﬂ ﬂr&9: 0)ﬂ ?"Iﬂ'
Q
F0 '(+ #%8
-+(+5
=&%
ﬂ # .?'F$*+
Q
*$D
Ns8ﬂ!'3C3="'ﬂﬂﬃ0#'' *+ﬃﬂ!$*' 92 0)'0B'O0 '(+ #%8^018'*+&9$O$! @ B$ﬂ #}$ #
!ﬃA$3
ﬁ
ﬃﬂ !ﬃ 21?0 '($ﬃ#%!8 -$(+ "H@  # .?' 218
= %
ﬂ #<7 ﬂ878*$ *$*+p
ﬂrD 3 01

8ﬂr9:#781*+ 01'(+ #%83=ﬃ(ﬀ01 $81&0ﬂ !'!ﬂ ﬂ1

8ﬂﬂ$*+#73 
{ % -3	      9" J SD
0#'(+ *+r! "H@  # .'!ﬃ *$*+ﬃ 1
ﬁ
ﬃ=01R8#'(+ *+ R 0
=&%
ﬂ #

8ﬂr9Gﬃ 8*
Q
8 1
ﬁ
91;1SﬃP9:801=01
=
p (-0=06$1*+&9B'O$!ﬃ @ B$ﬂ #}$r!ﬃ >ﬃﬃ=3)$ﬂ !810
$R3 *+ﬂ 80ﬃ @I(
ﬁ
$0ﬃ 0B'!$8<1R*+ﬃﬂr!ﬃ

80ﬁ3/'ﬂr!8014*$&%=0B$ﬂ78
S(+*$0='6ﬃ91!ﬃ JSJ6P
  	

  




   6. +  ) 0ﬁ
. "ﬁﬀﬂﬃ! !#"ﬁ"$&%ﬂ'("4')%ﬃ9(#*+-,EJ/I(.ﬁ/'! !0 JLI(. 21-ﬀﬂ 304%ﬂ520!#!&,#01# '768ﬁ$9:*+'!0('!<;>=!%ﬂ"ﬁ- @?
9A%ﬂ$*ﬁ BCD*E%ﬂ !ﬀ8-F4%ﬂ5ﬂ*ﬁ ">GH=(681-#*+0( #Iﬁ- !1J%KBLﬃI-"$*+- M1-'! '768ﬁ$9:*+'!>N86ﬂ ">; O? .J%K*ﬁ PQ0!#
B
%
%K=!BC- 	 (SRUT
%
ﬂV%ﬂ9XWX'!$-$*SY2'!$0! ZPﬀﬂ#ﬀ8 ![*2"$*.ENZ'!2\]'!^*+#,'! (ﬀ_0!21'(9 1( (R`?
*+#ﬀ8 &6a'(*ﬁ1ﬃ4%ﬂ$9ﬂ-#*b0!- '768ﬁ$9:*+'!aR21!- !c$68'(*ﬁ !-BMdﬂ5ﬂﬀ8JRUT
%
ﬂeY2'(ﬁ0!c- ! 3f%ﬂ,,#"$*+'(0!
0!'!$GH=!ﬀ8-R21(=!$*/'( !0g04%ﬂ" "$ﬀ8ﬃ! ("&B#* 'a6ﬂﬁﬁ-9:*+'!S0( ">; O? .J%A*+ gB#*]0!-B "ﬁﬀﬂﬃ! !#"&68=( !
'a68$ﬁ-9X*ﬁ'!20!">; O? .J%A*+ 	N8-ﬁﬀ8,##GH=! .
  &% ' (*),+ ﬂ4-(/. 0ﬃ32 ' +4)>ﬀ65726+
 h C0("$&iQ*+'(0!2Y2'!ﬁ0(a- !2ﬀ8-"ﬁ'! !0(J;ﬁ68ﬃ!%ﬂ !0!# kjml,#*ﬁ  ) B8%K=!ﬁKPQ9K# !aF!%K*+=!6ﬂ,68ﬀ8#"ﬁGH=!- 
 >ﬁdﬂ !0!-ﬁ'! !ﬀﬂ fnc# !BoRUT
%
ﬂ&? " 9@F$B :*%ﬂ p# !B J8P , ﬂ&?ﬂq68BC6ﬂﬀ8+%ﬂF(=! r'! :*ﬁﬁ1-68ﬀ8- .
l,#"/;s%ﬂﬁ%ﬂ0!#ﬀ8BM%t0!- X*ﬁb0!b"$68BC%K*+68"$ !"$ﬃ!,#biQ*ﬁBc'(,`%K*ﬁ68 C0!/$GH=:*+- 
%K !0.E.#b04%ﬂ0!'(ﬁGH=
=!^N868$ﬀ8$'(Rm (bl9:*+DN@#$'! !ﬀ_"^*S# u0!7T%ﬂ :*+,#9A%ﬂ :*+J0!-"7v
8
$'!"/;w6ﬂ"$*+G- :*+ﬁ%ﬂ,#"S g0(S,# @?
9ﬂ- xvb=(ﬁ (=!B"$F!=4dﬂ$1'	-$Y&%ﬂ$*ﬁ . .#b\&#,0!04%A*+ u%ﬂ'!"S0!- a :*+-ﬁ"$'!GH=X'! !ﬀCY2'(ﬁ0!- yB#*
'! !0C68=! ! "E; O? 'a68$ﬁ9:*ﬁ'!Sﬀ8[*+ﬁ- ! :*zP@%ﬂﬃE0!- X*ﬁ"$GH=g%ﬂ'!"$ﬀ8-Y]^*+-*S'! !0MNﬂﬁﬀﬂ,GH=( .Q\&-I0!-
.J%K*ﬁ @?{l'!"^Y&-$*+'( !ﬀ|'! !0M? .%ﬂﬁ"^*+,#,'! (ﬀt=4%K !0!,D*S-"S"ﬁ#GH=g'!B}- C u0!-S9X,# !"$GH=! 
%
68'@*+ (
N8-$Y] !0![*+-")iQ*H%K !04%ﬂ$0(N8-$R~%ﬂ=!$ .
  


	
	
		
 J5, J
 hB  >ﬁﬀﬂ,#GH=C1-'u0!- ul9:*+DNQ$'! !ﬀ8"$9A%ﬂ$*ﬁ g%ﬂ'("]0!- u'! !9K68ﬁ$ﬀ8#^*+ ">; O? .J%K*ﬁ u"$68,,D*+ 0!#
%ﬂ'!"0!- |9ﬂ68$ﬁﬀﬂ^*+- P"E; O? .J%K*+- Cﬃ"$"ﬁ-E# _0!ET%ﬂ :*+,#9A%ﬂ :*+/0!-"&v
8
ﬁ'!">;q68"$*ﬁG- X*ﬁ+%ﬂ,#"0!-"
'! :N8-ﬁ1-ﬁ^*+ %ﬂ 4%A*+68B"$GH=! .%K*+- !"+%K*ﬁ1-" ,#689A%ﬂ,#"ﬁ#$*2"$# .Zla'!58$0!B "ﬁ6ﬂ,,#*ﬁ<0!#<"^*H%K*ﬁ"$*ﬁD?
"ﬁGH=!#J'4%ﬂ,##*HdA*S0!-7la9:*+#NQ#ﬁ'( !ﬀ8"ﬁ9A%ﬂ^*+) !#GH=X*2'( X*ﬁ70!'768ﬁ$9:*+'!2,#0( .
.]RUT
%
ﬂ&? .%K*+- cY2'!ﬁ0!- P8Y2& -')%ﬂF!D*+-, )@.+,ﬃ"ﬁGH=(ﬁ-ﬃI- P8#B \&,#6@GH9X0!-"ﬁ#ﬀ8 _BCD* %K,#*+-ﬁ !#[?
ﬁ- !0! yiX*+B<'!,`%K*ﬁ68 ("^? '! (0'a68 :*ﬁﬁ68,#,F!=4%K"ﬁ M%ﬂ9XWX'!$^*z.X\&-0!;=4%ﬂ"ﬁ- g=4%K*$*+ M (  dﬂ !ﬀﬂ
N868 	$[Y&-," ﬁIﬂ".:\](R21! @RIF!%8%ﬂ$Y]#"ﬁ- R8 #0!-ﬁ=!68,#'! !ﬀ8- _'! !0|# !1-'!"+dA*+1,#GH=!- 
%
'!=(F!=4%3?
"ﬁJ1-'y\&ﬀ8# ! u0!-2T-"ﬁ"ﬁ'( !ﬀC-ﬁﬀ8#ﬃ(*S"$GH=g- !Jv)-"+%ﬂB<*ﬁ04%ﬂ'!-S0!-&RUT
%
ﬂ&? a :*+-ﬁ"ﬁ'(GH=Q'( !ﬀNﬂ68 
, ﬁSIﬂB .
3 1!a0!
%
-1F(+dﬂ"$ :*H%K*ﬁ68 yY2'!ﬁ0(c# !_iQ*ﬁBc'(,`%K*ﬁ68 !"$# !=!D*2BCD* )S) ')%ﬂ 4dﬂ,# yN8^Y&- !0![*zP
0!:1!ﬃ2Tx%Kﬀ8 !-*$N8- X*ﬁ,# '(R *+0!$'!GH9XBF!'!,#"ﬁJ%K'(Rq9Q,## !ﬂP@%ﬂ u0!- ﬁ3s (ﬀ8$ uﬃI[Rm"^*+ﬀK*+)T-B|?
ﬃ!+%K ! yj~\&68BC%ﬂﬀ8 (-*+#G ﬂw-GH=! !68,#68ﬀ8#"  h (Gﬂ.DP  % Bﬂ68,#,`%(P(H&ltP JiQlbnqﬀﬂﬃ(*..#/iQ*ﬁBc'(,`%K*ﬁ68 !"$# @?
=!D*aY2'(ﬁ0!t y0!alﬃ(*ﬁ,#'! !ﬀ6a-'!ﬁ68ﬁ%ﬂ0!#68,68ﬀﬂJ#B
%
%ﬂ=(BC- - !-J;ﬁ68B6ﬂ*ﬁ68 	 :*hY2#GH9ﬂ,D*
@ 
7BFI-, DSD5FO.
. a :*+-ﬁ"$'!GH=X'! !ﬀ Y2'!ﬁ0!u%ﬂ # !B J8P+, ﬂ&?ﬂq68B68ﬀ8ﬁ%ﬂF!=!- jOi
8
BF!=!6ﬂ 
8
Pi@#B !"-P "$,`%ﬂ @?
ﬀ8 4n]0!'!$GH=!ﬀ8-R21(=!$*.E3 1!S0(J\ A.7?h\&,#0!ﬀ8-ﬃ!'! !ﬀ<Y2'(ﬁ0!b- !Jv
%
"s? ">; O?^i@-WQ'( !1)B#*ERm68,D?
ﬀ8 (0! i@WX'!- !1F4%K+%ﬂB-*ﬁﬁ N8-$Y] !0![*  )S) i@GH=!#GH=X*ﬁ P&i@GH=!#GH=:*+0!#GH9ﬂ&,KBCByPiQGH=!GH=:*H%Kﬃ@?
"$*+%ﬂ !0JzBByP/3	! )S, × )S,KBCB 2 P 3s,#F:Y2 !9K, DSI ◦ P TR ﬁﬂ"   TE *,KB"PKTx%K*ﬁﬁ 9  2 ; 9(-,O.53 1(
0! 	%K 4%K*+6ﬂBC#"ﬁGH=!- .J%K*ﬁ !"ﬁ%K*+1JY2'!$0! y%(9@%ﬂ,KP ﬂ J[?hﬀ8[Y2GH=:*+[*+ Tx;
%
l7v "s? .%K*+- uN8^Y&- @?
0!-*<j J  Ci@GH=!#GH=X*ﬁ PZi@GH=!#GH=:*+0!#GH9ﬂ JﬂP ﬁﬂBByP 3	! )S, × ),ﬂBB 2 P TR )KJ>=IﬂBC"-P TE ﬁ(Pﬁ*DﬂB"P
Tx%ﬂ^*+$9&, J5) 2 n .Ila'(R0!#t1-'! '768ﬁ$9:*+'(B#*ﬁ*ﬁ,#"2%ﬂ !ﬀ8-F4%ﬂ5ﬂ*ﬁJ;=4%K"ﬁ (9K%K$*+- xN8-$Y] !0(-*+7ﬁA?
"GH=!6K? 3  lJi
2? i@WX'!- !1&ﬀﬂ=:*4' %KF!#*ﬁ, J/I@. )@.$J]%ﬂ'!"$R21(=!ﬁ,#GH=)# .5.]i@-WX'! !1-F4%ﬂﬁ%ﬂBC[*+-w"$ !0 
)S)iQGH=!GH=:*+- PXi@GH=(GH=:*+0!#GH9ﬂ,KBByPﬂiQGH=!GH=:*H%Kﬃ!"$*+%ﬂ !0JzBBP(3	! )S, × )S,ﬂBCB 2 P 3s,#F:Y2 !9K,
)S, ◦ P TR
ﬁ =ﬂB"P
TE1
ﬁ(P ;KBC"-P
TE2
(PCD_BC"-P
TE3
J5,cBC"-PfTx%K*ﬁﬁ 9 J5)= 2 ;$9@-,OPE)TD*ﬁ*+-,'! (ﬀ8 .
"")Y2'(ﬁ0!1'! !dﬂGH=!"$*t0!#C\ A.7? T"$"ﬁ'! (ﬀrj .%ﬂ'! >, ﬁSIgBC# fna0!'!$GH=!ﬀ8[R21!=!$*P 04%ﬂ 4%ﬂGH= 0!#
Tx;
%
l7v="s?^i@-WX'! !1gj .J%ﬂ'(- D +)IﬂB fn .(la,"7,-*ﬁ1-*ﬁ"2Y2'!ﬁ0!- k0!#<%ﬂ (ﬀ8F4%K5ﬂ*+- k;=4%ﬂ"$ !9A%ﬂ ?
*+- %ﬂ'@Rmﬀ8 !6ﬂBCB j .J%ﬂ'!-- ﬁ $J/IﬂB fn . NZ'!R'768ﬁ$9:*+'!_Y2'!$0!	04%ﬂ"|ﬃ @R~%ﬂ,,#"_ ')%ﬂF!#*ﬁ,
J/I(.+)@.$Jtﬃ"$GH=!ﬁ#ﬃ !<;>$68ﬀ8ﬁ%ﬂBCB , ﬁﬃ "!$#&%('"'cNﬂ^Y&- !0!-*.
.#t"^*Hdﬂ$9X"$*+- Tx%ﬂﬀﬂ !-*$Rm,0( @?
=!68B68ﬀ8- !#*+dK*+- *+$-*ﬁ ﬃs0("$ T-"ﬁ"ﬁ'( !ﬀ8 B \&-ﬁ-GH= 0!-)v)[Y&-ﬃI ? '(R *^? aﬃ$ﬀ:dﬂ !ﬀﬂ
%ﬂ y0! xiQ*+#ﬁ != 8=!,- y%ﬂ'(R .  h y0!-"ﬁ 
%
-ﬀ86ﬂ ! gY2'!$0!t0(B :*+"$F!ﬁ-GH=! !0 0( ;=4%ﬂ"ﬁ- !9A%ﬂ$*ﬁ
BCD*/0!-7ﬀﬂﬁ# !ﬀ8"^*+ ﬃ"GH=!681-D*+0!$#Z-ﬁ (1 R21!/0(='a6ﬂﬁﬁ-9:*+'!2ﬀ8[YSdﬂ=(,#*z.
.RUT
%
ﬂ&?^T-"ﬁ"ﬁ'( !ﬀY2'!$0!&B#*q\&ﬁ%ﬂ / >6
8
%Kﬀ84)ISIItj~\&+%K  h ! !6 NK%K*+#68 <\a.  <.#PKTx%8%K"$*+$GH=:*zP
6 qna%K'!"ﬁﬀ8[Y&-$*ﬁ-*z. .J%ﬂ"b;$68ﬀ8+%KBCB R21(=!$* (<ﬃ!#,0!F!'( !9:*hY&-"ﬁ 'a68$ﬁ-,`%K*ﬁ68 !"ﬁ%ﬂ 4%ﬂ,
8
"ﬁ 1-Y2D?
J5,S)  * -
 
   
 ,P,	 

"ﬁGH=!- 0!gi@ﬀ8 !%ﬂ,D? NZ#*^? 'b'!^N8	%ﬂ'!"M0! ">; O? .%K*+- '( !0# !M%ﬂ'!"u0(B 1D*+,#GH=!- lﬃQ?
,`%ﬂ'@R40!">;w%ﬂ+%K0!ﬀ8BC%ﬂ"wﬀ8-Y]68 ! !- ! NZ#,#Rm'( !9:*+6ﬂ gj~=!dﬂBC6Q0
8
 4%ﬂB"$GH=!&la :*hY&68^* n %ﬂ'(".S.a'!ﬁGH=
;,`%ﬂ'!"$ﬃ!#,D*HdK*ﬁ"$*+-"$*PwY2	1K. \. H&,'("$*+-+%ﬂ !%ﬂ,
8
"ﬁyﬃ 4%ﬂGH=Xﬃ4%K$*+-g;$9@,UP Y&-ﬁ0!- %ﬂ !"$GH=!,#58- !0
"
8
"$*ﬁBC%K*+#"ﬁGH=! 3s,'(9X*ﬁ'4%K*ﬁ68 !- ,#BC# !-$*PZ1ﬂ. \. 04%ﬂ"t;'!,"$-ﬁ 0!"cv)-=!$ !") 3468,ﬀ8|0!-"

a-ﬁ1"$GH=!,`%Kﬀ8".A.J%K 4%ﬂGH= Y2ﬁ0 0!#_ﬁ-"ﬁ'!,D*+-ﬁ- !0!_l9:*ﬁ#NQ-ﬁ'! !ﬀﬂ"ﬁ9A%ﬂ$*ﬁ|BCD*J0!-B =!6QGH=4%ﬂ'(Rmﬀ8-, K?
"$*ﬁ Pf%ﬂ !%K*+68B"$GH=! ﬃ.J%A*+ ("+%K*ﬁ1 1!ﬃ$,`%ﬂﬀﬂ$*.
6a-ﬃI- _0! _ﬀ8-68B-*+$"$GH=! P"ﬀﬂ !"$GH=4%KR *+- |0!0'768ﬁ$9:*+'( 0!'!$GH=C%K !ﬀ8F!%ﬂ5ﬂ*+&;=4%ﬂ"ﬁ- !9A%ﬂ$*ﬁ 
Y2'!ﬁ0( k%K'!GH=x0!#)l'!"^Y2ﬁ9X'! (ﬀ8 %K'(R 0!#)"$*H%A*+"^*+#"ﬁGH=!ti@#ﬀ8 !

9K%K !1b0!:">; O? .J%K*ﬁ '! :*+ ?
"ﬁ'!GH=:*. 7ﬃI-q0(]i@ﬀﬂ !

9A%ﬂ (10!ql9:*+DNQ$'! !ﬀ7ﬀ8ﬃ@*  (
%
#=!N868 <;s%ﬂﬁ%ﬂBC[*+-ﬁ l'(Rm"$GH=!,'!5(P
0!JNﬂ68B la'!"$Y]^*+F(ﬁ68ﬀ8ﬁ%ﬂBB R21!20!bﬀﬂ"+%KB<*+)l9:*ﬁ#NQ-ﬁ'! !ﬀ|ﬃ$GH=! ![*aY]$0! 
.t;s%K+%ﬂB-*ﬁ 'gﬀ8ﬃ@*)0!R'a6ﬂﬁﬁ-,`%K*ﬁ68 0()ﬀ8B"$"ﬁ- ! r\ A.7? 'a68 :*ﬁ+%ﬂ"^*Hdﬂ !0(ﬁ'( !ﬀx1-'!
NZ-,#Rm'! !9:*ﬁ68 P0! =!dﬂBC6Q0
8
 4%ﬂB"$GH=! tl :*hY]68$*P:%ﬂ . '
:
JEYSdﬂ$S0!#/vb,#GH=!=!-#*qﬃI-0!- 'b'! ?
N8- . '7,-ﬀﬂ*wﬃI-(9X,# !"$GH=! cRUT
%
ﬂ&?a :*ﬁﬁ"$'!GH=X'! !ﬀ8- C#B \&$GH=_Nﬂ68 _-*hY&%=I(P _jU%ﬂ'!"$ﬁ-GH=!- @?
0! '768ﬁ-. nﬃ!#" I(P=*,tj~"ﬁ-=!sﬀﬂ'(*+ 'a68$. n[.(.s;s%ﬂﬁ%ﬂB-*+-ﬀ8#ﬃ(*w0! 34=!,#$Y&%ﬂ=!$"ﬁGH=!- !,#GH=!9KD*
%ﬂ P0. =. 0!#- :*+"ﬁF(ﬁGH=( !0!gla9:*+#NQ#ﬁ'( !ﬀyY&dﬂ$C04%K ! B#*b- !- 8 %ﬂ=!$"ﬁGH=!- !,#GH=!9KD* Nﬂ68 
1ﬂ. \. ﬁﬂ[? ,| X'!a0!'!ﬁGH= NZ'@R~%ﬂ,,- X*ﬁ"$*+%ﬂ !0!- '! !0k- X*ﬁ"ﬁF!ﬁdﬂGH=!_9K (aY2#ﬁ9X,#GH=! l9:*+DNQ$'! !ﬀ!.
aﬃ!,#GH=!-$Y]#"ﬁY2#ﬁ0g# ! 34=(,^YS%K=!ﬁ"$GH=!# !,#GH=!9ﬂ-#*N868 gBC%(9@BC%ﬂ, ,	uP!%K,"ﬁ6-,K[? )@P(ﬀ8[Rm68^?
0!^*zP'!B # !<la9X*ﬁ#NQ-ﬁ'! (ﬀg%ﬂ,"7ﬀS1!,D*+#ﬀC1-'kY&-$*+- .
.a 8 ^*   ﬂ ﬀ8ﬃ(*a0!#tF!$681- :*+'4%ﬂ,#
lﬃ:Y]GH=X'! (ﬀc0!"]\  A.7? '768 :*+ﬁ%ﬂ"$*ﬁ"E# C0(]iQ*+#Bc'!,%K*+#68 !"ﬁF(=4%ﬂ"ﬁ/ﬀﬂﬀ8- 1(ﬃI-]0!-
%
'!=(F!=4%K"ﬁ
%ﬂ 	'! !0y,#ﬀﬂ*S*
8
F!#"ﬁGH=!-$Y]#"ﬁ<1[Y2"$GH=! &I(P |'! (0?)@P+,	u.
. ">; O? .J%A*+ yY2'!ﬁ0( k1-'!B NIY&-GH9	0!/Y]#*ﬁ$ kla'!"$Y]^*+'! !ﬀCN868B T
%
?ﬂq68B68ﬀ8ﬁ%ﬂF!=!- 
%ﬂ'(R4- !- c"ﬁF1--,,X04%KR21!qﬀ8- Q'@*+1-*ﬁ |; HQ1!ﬃ^*++%Kﬀ8 . .68^*sY2'!$0!S1-'!"+dK*ﬁ1,#GH=<1-'c0!- _'! :N8 ?
dﬂ !0!-$*ﬁ Jﬁ#ﬀ8 !%ﬂ,ﬃ!#,0!-ﬁ J0(E9ﬂ68$ﬁﬀﬂ^*+- ">; O? \&#,0!-qB#*q0!-B ;>$68ﬀ8ﬁ%ﬂBCB ﬀﬂﬁﬃ "! #&%(')'
$1'(ﬀﬂ*z. .a)'! !9K68ﬁ$ﬀ8#$*ﬁc'! !0 0!-b9ﬂ68$ﬁ#ﬀ8-$*+ .J%K*+- !"+%A*+1cY2'!$0! ﬀ8-*ﬁﬁ- ! :* Nﬂ68 !- 4%ﬂ Q?
0!# _# !EiQ*+%ﬂ !04%Kﬁ0!F!$681-0!'! Nﬂ68 C0(B ;$68ﬀ8+%KBCB\&+%K / >6
8
%ﬂﬀ8->%ﬂ'!"$ﬀ8-Y]^*+-*E'! (0B#*

a#,#Rm0("7"ﬁ,#ﬃI- x%K 4%K*+6ﬂBC#"ﬁGH=!- .%K*+- !"+%K*ﬁ1-"a1-'!.J%ﬂﬁ"^*+-,,'( !ﬀ|ﬀ8ﬃ!ﬁ%ﬂGH=:*z.
   7ﬂ4 + ,+
NIY2"$GH=! |0!- Cla9X*ﬁ#NQ-ﬁ'! (ﬀ8"ﬁ9A%ﬂ^*+ ZP80!S%ﬂ'!">0! Jﬁ#ﬀ8 !%ﬂ,04%A*+ t'! !00! |9K68ﬁ$ﬀ8#$*ﬁ P.J%3?
*+- Mﬃﬁ-GH=! ![*&Y2'!$0! PQ"ﬁ# !0M0('(*ﬁ,GH=( 7 :*+$"ﬁGH=!#0!aRm"$*ﬁ1'!"^*+-,,- .Qlﬃ!ﬃ!#,0!'( !ﬀPJSJ8.$Ja1-ﬀK*
0!  6ﬂ9K%K,"ﬁ%K*+#68 0(_ﬃﬁ-GH=! ![*+ l9:*+DNQ$'! !ﬀ8- pﬁ,%K*+DN 1'!B '( XNﬂ$1$$*ﬁ PE%ﬂ 4%A*+68BD?
    

 
4  
 J5, ﬁ
"ﬁGH=!- &.%K*+- !"+%K*ﬁ1) uG-68ﬁ68 !%ﬂﬁ-S'! !0y%(9@`%K,Jj
:
*+ﬁ%ﬂ !"^N8$"+%ﬂ,#+n b$- X*ﬁ-ﬁ'! !ﬀ(. .#J :*+"$F!ﬁ ?
GH=! (0! l9:*+DN@#$'! !ﬀ8- "$ !0y glaﬃ!ﬃ!,#0!'! !ﬀﬁJSJﬂ. )c !6QGH=!BC%ﬂ,"&Nﬂ$ﬀ8 85ﬂ$*704%Kﬁﬀ8-"$*+-,,D*z.
i@6 Y&6ﬂ=!,b 0!-gG68$68 4%ﬂ$ j~68ﬃ fnu%K,"g%ﬂ'(GH=V# 0(	%(9@`%K, 7.%ﬂﬁ"^*+,#,'! (ﬀ jm'! :*+- fnu"ﬁ-=:*
a) b)
lﬃ!ﬃ(,0('! !ﬀﬁJSJ8.$J  	
	ﬀﬁﬂ

 ﬃ !"#	ﬁ$%&'
ﬀ(
)!"#*+ﬁ$%ﬁ
  %,
-ﬀﬁ

+6-.ﬀﬁ/#/10.#2-#3'45
(
6ﬁ 87/#9%%5ﬁ#:ﬁ3;$!<!2<ﬁ:=>#3'4?:ﬀﬁ<ﬁ
87/#9%%@ﬁ#:ﬁABC/	

ﬂD	ﬁ4$
!ﬁ./	ﬁ O2;FE44GD'26;FEH'4  I6JK9'ﬁ L6
(
:')#

:M/	
'4ﬁ 	
	B=4')	NO'4ﬂ !"#	ﬁ$%!8%
(
ﬁ6P;FE4:>QO<'4ﬁ:=/M+RM
(
	'4
2;FE44G	9E4ﬁS  ﬁET/
(
'4   %;PﬁU/M#V:'ﬃﬁ.RMW'4ﬁYXYG ZY !O:'

!ﬁ9/#/ﬀﬁ[V6	;FE[0QL#6;FE: VM"4#:'4O:' 2;FE27)'4/M): ;FE:ﬁ

ﬀX 4ﬁBU0'B0-M
')	 	
	B=T')	\\'4ﬁS !"#	ﬁ$%$
  %,ﬀ-B%ﬁ
(
6$;FE:!]QO6'4P=:'44U/#	;FE
(
6
MX   L!ﬀ;$:	ﬁ/#MO/	./MM"	

J5,  * -
 
   
 ,P,	 

lﬃ!ﬃ(,0('! !ﬀ&JJ8. )  KﬁF*" Bﬁ$%/8$%ﬁ/#/Bﬂ'4ﬁ  U
+ﬁﬁ B 
((
      

(4(


 
0.#2K')+  :	
	BIL'43N#M2/+'Bﬀﬁ:=<
(4(

ﬀ(
LL'4  !" *	% 
  %,ﬀ-B%ﬁ

BM%K P]0!%ﬂ5 ﬂw-,#x0!-gl9:*+DN@#$'! !ﬀ!P]0!x%ﬂ'!"g0!- 6ﬂﬁﬀﬂ 4%ﬂ,">; O? .J%A*+ ﬀ8[Y&6ﬂ ! ! Y2'!$0!
j~laﬃ!ﬃ. JSJ8.$J %_ﬃ!1[Y). JSJ8.+)ﬂ%:n[P( !GH=:*a%ﬂ'(Rs0! xv
8
$'!";q68"$*ﬁG- X*ﬁ+%ﬂ,#"/0!-"%K 4%K*+6ﬂBC#"ﬁGH=!- &.J%A*+ Q?
"+%K*ﬁ1-"]F!$6$1--$*>Y&-ﬁ0!- . .">; O? .J%A*+ C"ﬁ# !0| ﬃI-0!- MiQGH=!GH=:*ﬁR21(=!ﬁ'! (ﬀ8 uﬀﬂ68B-*ﬁﬁ"$GH=
"ﬁ6	N8-ﬁ1-ﬁ^*zP 04%ﬂ5	0!#C%K'!")=! !- ﬃI-ﬁGH=( !-*ﬁ la9X*ﬁ#NQ-ﬁ'! (ﬀ8 "$*+%K*ﬁ* 0!-"ﬁ"ﬁ- 1' # !B ﬃI ?
*+ﬁdﬂGH=:*+,#GH=! $ﬂw-,Z# M0!-B B#* WX'!68Jj 
a#ﬁ :Y&%ﬂ"ﬁ"$HnE'! !0ﬁ34-*$*/ﬀ8-R21(,,#*ﬁ M\&$GH=g1[Y2"$GH=! 

a#ﬁ !$ !0! '! !0 iQGH=4dﬂ0!-,9X !6QGH=! ,#ﬀ8- . . ."$,689A%K*ﬁ68 y,#ﬀﬂ*7#B \]ﬁ-GH=xNﬂ68 Gz%@. ,M;D?
9@, 	# y0(2G68$68 4%ﬂ$ y'! !0yGz%(.M;$9@-, 	 g0!-7%(9@`%ﬂ,# i@GH=!#GH=X*$R21!=!$'! !ﬀ!.
.lﬃ(ﬃ!,#0!'! !ﬀ8- JSJﬂ. Jzﬃ ﬃ!1-Y). JSJ8.+)Kﬃ 1#ﬀ8 0!l9:*+DNQ$'! !ﬀ8"$9A%ﬂ$*ﬁﬂPq0!BCD*)0!t"ﬁ-,ﬃ 
l'!"^Y&-$*ﬁ'! !ﬀMY2# 1-'(N86ﬂP$0!6QGH=xB#*20( x9K68ﬁ$ﬀ8#^*+ ﬃ">; O? .J%A*+ xﬀ8-Y]68 ! !- Y2'!$0!ﬂ. .#
l9:*+DNQ$'! !ﬀ "^*M# ﬃ0( iQGH=!GH=:*ﬁR21(=!ﬁ'! (ﬀ8 0!-'(*+,#GH= ﬃI-"ﬁ"ﬁ-uB v
8
ﬁ'!"C;w6ﬂ"$*+G- :*+ﬁ%ﬂ,#"
,689A%ﬂ,#"$^*z.  h y0!7G68$68 4%ﬂ$ xi@GH=! !D*ﬁ*$R21!=!ﬁ'( !ﬀC#"$*2- !bN8-ﬁﬃ!,##ﬃI- !0! 34=!,#,689A%ﬂ,#"+%A*+6ﬂ C0!-
  


	     9" J5,,
l9:*+DNQ$'! !ﬀt 
%
#GH=X*ﬁ'! !ﬀ #WQ'(68ENﬂ68 uBC%(9@BC%ﬂ,!- !-B ;> 9@,1'u-ﬁ9ﬂ- ! !- . .- aﬃ$,`%ﬂF(F
 0! \]ﬁ-GH=k1[Y2"$GH=! 
7ﬁ (ﬁ (0!)'! !0 i@GH=!dﬂ0!,#9X !6@GH=( "^*"$ﬀ8 !

9A%ﬂ :*79Q,## !a%ﬂ,"2N86ﬂ
0! '768ﬁ$9:*+'!-.QiQ*H%A*ﬁ*>0!-"ﬁ"ﬁ- M,#ﬀK*  4%ﬂGH=0!- '768ﬁ$9:*+'(E- |ﬀ8 858$ ﬂq#,!0!>la9X*ﬁ#NQ-ﬁ'! (ﬀ
 	0!-2R21(/0!  >-+%ﬂ$ﬃI-#*+'( !ﬀ|0!"
%
-1-"/1'("$*HdK !0!ﬀﬂ 
%
-ﬀ868 Z.
.J%ﬂ""$,ﬃSﬀ8#,#*w%ﬂ'!GH=_R21!s0!&%(9@`%ﬂ,#/i@GH=!#GH=:*ﬁR21!=!$'! !ﬀ!.S.S !%ﬂGH=|0!0'768ﬁ$9:*+'(sN8-ﬁﬃ!,#ﬃ (0!
 >$"ﬁGH=!#ﬃ!'! (ﬀg y0! WX'!6ﬂﬁﬃﬁ-GH=ﬃI[*++dKﬀﬂ*BC%(9@BC%ﬂ,- x;> 9@,O.ITx%K k$9ﬂ ( X*PZ04%K5M0!#
l9:*+DNQ$'! !ﬀbﬃ"$"ﬁ]%ﬂ'(R0!-B v
8
$'!"1'(B ,#ﬀ8- c9ﬂ68BB<*.8l'!GH=0!# 3468ﬁB 0!>la9X*ﬁ#NQ-ﬁ'! (ﬀ
"$*ﬁBB<*/"ﬁ-=!2ﬀ8'(*2B#*/0(7%ﬂ 4%K*ﬁ68B"ﬁGH=( iQ*+$'!9:*+'!20!-"Jv
8
ﬁ'!"7;w6ﬂ"$*+G- :*+ﬁ%ﬂ,#"!1!ﬃI-ﬁ- .
lﬃ!ﬃ(,0('! !ﬀRJSJ8.ﬁt1-ﬀﬂ*]0!#a"^*H%K*ﬁ"$*ﬁ"$GH=!la'!"$Y]^*+'! !ﬀ_0(&la9:*+#NQ#ﬁ'( !ﬀc%ﬂ'("&0!- ">; O? .J%K*ﬁ 
68=! !Jj~laﬃ!ﬃ. JSJ8.ﬁ8%:n'! !0tBCD* '768ﬁ$9:*+'(Sjmlﬃ!ﬃ. JSJ8.ﬁﬂﬃfn .A\&(iQ*+#Bc'!,%K*+#68 b"^*w- tl !"^*+-ﬀ0!-"
\  A.7? '768 :*++%K"$*+")ﬀ8-ﬀ8 1!ﬃ)0!-
%
'!=(F!=4%K"ﬁ|1' ^YS%ﬂ^*+- .A.|=4dKBC6Q0
8
 4%ﬂB"$GH=!cl :*^?
Y&6ﬂ$*2"$*ﬁ,#,#*/%K'!GH=	0!=NZ#,DRm'! !9:*+#68 CR21!&0! '768ﬁ$,%K*+#68 !"+%K 4%ﬂ,
8
"$a0!-"2l'!"^Y&-$*+-F!ﬁ6ﬂﬀ8+%ﬂBB"
04%ﬂ-.\&$D*+"_B#*cﬃ(,6858-B la'!ﬀ8g-ﬁ9ﬂ- ! :*MBC%ﬂ Pw04%ﬂ5 0!#	\  A.7? '768 :*++%K"$*+9X'!^N8y%ﬂ'!"_0( 
9ﬂ68$ﬁ#ﬀ8-$*+- .J%K*+- ﬃ"$"ﬁtBCD*)0! NZ-,#Rm'! (9X*ﬁ68 1(ﬃI-ﬁ# !"$*ﬁBB<*zPZ%ﬂ,")0!#ﬀ$- !ﬀ8%ﬂ'(" 0( 
'! !9K68ﬁ$ﬀ8#$*ﬁ &.J%K*+- .I\&q0! x9ﬂ68$ﬁﬀﬂ^*+- &.J%A*+ x"ﬁ (0x0!#<\  A.7? i@ﬀ8 !%ﬂ,) 0! 
%
'@?
=!F(=4%ﬂ"ﬁ- x0!-";w%ﬂ+%K0!ﬀ8BC%ﬂ"/ !#0!$ﬀ8-S'! !0 	0!- iQ*ﬁBc'!,%K*+#68 !"$F!=4%ﬂ"$ g= 8=(7%ﬂ,"/ﬃ0( 
Jﬁﬀﬂ 4%ﬂ, ? .J%A*+ Z. .B1'@Rm68,ﬀ8C"^*c%ﬂ'(GH=r0! 8 ^*   ﬂ4P 0!-c0! rF(ﬁ681- :*+'4%K, l !"^*+-ﬀ
0!"&\  A.7?^i@#ﬀ8 4%ﬂ,#" 0! giQ*+#Bc'!,`%A*+6ﬂ !"ﬁF!=!%ﬂ"ﬁ- ﬀﬂﬀ8- 1(ﬃI-&0!- 
%
'(=!F!=!%ﬂ"ﬁ- g%ﬂ !ﬀ8#ﬃ(*zP8Nﬂ68 
I(P ; ;	VR21!q0!E'! !9K68ﬁ$ﬀ8#^*+ .J%K*ﬁ _%ﬂ'@RAJ8P+IS,	VR21!q0!E9ﬂ68$ﬁ#ﬀ8-$*+- .%K*+- _ﬀ8"^*+-ﬀ8 Z. .%ﬂ"
 :*+"$F!ﬁ#GH=:*c# !  >-ﬁﬃ"ﬁ"$$'! !ﬀk'!B ﬁ u.l'!GH= 0( '3?G8 -$*zP- Tx%ﬂ5	R21!)0!Cv 1(*+0!-
'a68$ﬁ-,`%K*ﬁ68 C1-Y2"$GH=! \  A.7?^iQﬀ8 4%K,Z'! !0ﬃNZ#,DRm'! !9:*+#68 PQ"$*S 4%ﬂGH=	0! 'a68$ﬁ9:*ﬁ'!/0!'@*+,#GH=
$= 8=:*z. "b"^*+#ﬀﬂ*b'!B )  N86ﬂ QI(Pﬁ ;R21(b0! J$ﬀ8# 4%ﬂ,D? .J%K*ﬁ %ﬂ'(R I(Pﬁ MR21!J0!#c9ﬂ6ﬂﬁﬁ#ﬀ8-^?
*+- .J%K*ﬁ . .=8 %ﬂ=!ﬁ"$GH=!# !,#GH=!9ﬂ-#*PI04%K5M"a"ﬁ#GH=kﬃI- 0!al9:*+DN@#$'! !ﬀM'(B - 1'(R~dﬂ,#,#ﬀ8"
;=4dﬂ !68B M=4%ﬂ !0!-,#*P(%ﬂ'("ﬁﬀ8-0!;1!GH9:*20!'(ﬁGH=g0!- 8 -$*PQ"^*&ﬃ0!- g9ﬂ68$ﬁﬀﬂ^*+- j (P ; ·10−7 n
ﬀ8ﬀﬂ 1!ﬃ20! '! !9K68ﬁ$ﬀ8#$*ﬁ ﬃ.J%K*ﬁ jG,@P+, ·10−5 n&'(B # ! 3f%ﬂ9:*+68 JSJ |ﬀﬂﬁ# !ﬀ8-.
     !0 A95 
. ">$ﬀ8ﬃ( !"$"ﬁ|0!JRUT
%
ﬂ&? 3f%ﬂ,#,"$*ﬁ'!0!#t1-'!='a68$ﬁ-9X*ﬁ'!bB#*ﬁ*ﬁ,#"%ﬂ (ﬀ8F4%K5ﬂ*+-);>=!%ﬂ"ﬁ- !9A%ﬂ$*ﬁ 
9ﬂ68 ( X*ﬁ g1-ﬀﬂ PX04%ﬂ5t0!:'a6ﬂﬁﬁ-9:*+'!$BC[*+=!6Q0!# M0!-  %ﬂﬀﬂa#"$*]ﬀ868B-*ﬁﬁ#"ﬁGH=! >ﬁ1-$ﬁ'! !ﬀﬂ 
1'(Nﬂ$,`dﬂ"$"ﬁﬀ<'! !0u #Z-9X*ﬁ#NC%ﬂ'!"$1'!ﬀﬂ,#GH=! Z.(l'(58$0!BLY2$0g%ﬂ'!"]0! .J%K*+- g$"ﬁGH=:*ﬁ,GH=ZPQ0!%ﬂ5
J5,  * -
 
   
 ,P,	 

a)
b)
lﬃ!ﬃ(,0('! !ﬀﬃJSJ8.ﬁ  :	M	M<;FE: ﬃ$QLﬁ$B 'ﬁ	 U
+ﬁﬁ 
!! 
(4(
  



 	 ,
Q" '4ﬁ* U
+ﬁ ﬃ'4A4  *	ﬀﬁ 
  %,G]#/	'4 :'
(
ﬃﬃ'4  !"C,
*	ﬀﬁ 
  ﬀ

 	7
LME:ﬁGI'4  ﬁG);FE4<R#:' ')+ 	P'4ﬁ"E:!/GH'4ﬁ 
  %,T  ﬁ0.=
- 
TR
ﬂ
 


 	[' ﬁ/M,
(
0Q

E:/M/ *ﬁ)ﬁ 
!	M/	 \/# ﬁ $%ﬁEﬁ&9  E<,
(
0Q

KU#X /CU+!4J:E26W'4ﬁ  )') *XW.

+N0RﬁPQ .%:'4NE27X B'2.XY#6;FE: QL! M$
/ML* 4ZM4+VMBﬁ0.	;FE4!

+-GU7);FE4/M+;FE:O ,8,  I!	ﬁ$7:'ﬁ QLM<' 
! '4
6 ﬀﬁ Z#4	-0.#2

+I0.ﬁE#B4, ;FE4<I*
(
>ME6OJ:6!0!ﬁ*./	 2;FE2Q 4ﬂ

 
(
ﬁ'4X  !*ﬁX@X M' '*	 GU#U#6;FE:  ﬁ.X5%ﬁ'=  :'   ﬂWB
(


+
GU#U#6;FE:-*/#7B '4ﬁ UG
	ﬁ$ @'ﬁ )!"#*+ﬁﬀﬁ 
  ﬀ M$-'6;FE2Q
(
<ﬁ
/MV')	8'ﬁ 4 !" *	%
  ﬀ

0!b9K68ﬁ$ﬀ8#^*+ ﬁ">; O? .%K*+- R21!/- !bRUT
%
ﬂ&?{l'!"^Y&-$*ﬁ'! !ﬀMﬀﬂ#ﬀ8 ![*2"ﬁ (0.
.<ﬀ868B-*ﬁﬁ#"ﬁGH=!-  >-ﬁ1-ﬁ$'! !ﬀ8- 0!-b68ﬁ#ﬀ8 !%ﬂ,>"E; O?h\&,#0!-PZ0!#cYSdﬂ=(ﬁ (0 0!-=3f%ﬂ,,#"$*+'(0!
%ﬂ'(R *ﬁ+%K*ﬁ P>"ﬁ# !0 '( X*ﬁu$z%ﬂ,#"^*+"$GH=! \&0( !ﬀ8'( !ﬀ8  :*+"^*H%ﬂ (0! '! !0 1#ﬀ8 0!yGH=4%ﬂﬁ%ﬂ98?
*+-ﬁ"^*+#"ﬁGH=!-  >-ﬁ1-ﬁ$'! !ﬀ8- R21!bRUT
%
ﬂb.A.aR'a68 

ﬀ8'!ﬁ%K*+#68 0!<i@=!#BC"$F!'!,# Y2'!ﬁ0( (GH=:*
N8-+dﬂ !0($*.qT#*J0! %ﬂ'(R *ﬁﬁ-*ﬁ !0(  >ﬁ1-$ﬁ'! !ﬀﬂ N868 NQﬃ!"JR21! @RS;$9@-, Bc'!5	ﬃ - !-
RUT
%
ﬂ&? a :*+-ﬁ"ﬁ'(GH=Q'( !ﬀ|68=! ! ">; O? '768ﬁ$9:*+'(2%ﬂ uB6@0!-ﬁ !- J8P+, ﬂ&?ﬂq68B68ﬀ8+%KF!=! Cﬀ8$GH=! (-*
  


	     9" J5,;
Y&-ﬁ0!- . .-"ﬁ-!8 ^*7,-ﬀﬂ*SR21! ﬁ ﬂ&?ﬂq68BC6ﬂﬀ8+%ﬂF(=! g*+- !0!- !1#,, (6@GH=y= 8=!-.
\&&\&$GH=! X'! (ﬀ 0!-cl9:*+DNQ$'! !ﬀ8"$9A%ﬂ$*ﬁuBCD*c0!- r9ﬂ68$ﬁ#ﬀ8-$*+- ">; O?h\&,#0!$ 9ﬂ6ﬂ ! :*+g0!#
 >$1$ﬁ'! (ﬀgﬃ!"%ﬂ'(R>-*hY&%u# ;$9@,qﬁ-0!'!1-^*JY]ﬁ0( . .a<la9:*+#NQ#ﬁ'( !ﬀM,%ﬂﬀM04%K 4%ﬂGH=kR~%ﬂ"^*
N868,#,"^*Hdﬂ !0(ﬀ|B v
8
ﬁ'!";w68"^*+G- :*+ﬁ%ﬂ,#"a# 0!-a,# !9K 
aB"$F!=4dﬂ$t0("7'! :N8$1-ﬁ$*ﬁ PZ=!6@GH=Q?
%ﬂ'(Rmﬀ8-, 8"^*+- l 4%K*ﬁ68B0!%K*+- !"+%K*ﬁ1-"P%K,"ﬁ6Mﬀ8 4%K' 0(68$*JY]6g0!#  >ﬁ%ﬂﬁﬃD*+'! !ﬀg0(" iQ*ﬁBc'!,%A?
*+#68 !"ﬁ$#1")"^*H%K*$*

 !0(-*z.4""t#"$*t%ﬂ'!GH= B8ﬀﬂ,GH=ZPZ04%ﬂ5y0!#Nﬂﬁﬃ(,#ﬃI- !0!C\&,#0!F!'! (9X*ﬁ0!,#689A%ﬂ, ?
"+%K*ﬁ68 r0!%ﬂ+%ﬂ'@R1-'!;1!GH9X1-'(R21!=!$ #"$*zPs04%ﬂ5 0!uRUT
%
ﬂ  X'!_0!#g=4dﬂB6@0
8
 !%ﬂBC#"ﬁGH=!gla :*hY&68^*
%ﬂﬃ!ﬃ!#,0![*>'! !0 !GH=:*E0!#a%K9X*ﬁ#NQ-$*ﬁ R6a-'!ﬁ68 ( M"$,#ﬃ!"$*.K.a"ﬁ=!%ﬂ,ﬃ"^*]0!%ﬂBCD*1'Cﬁ-GH=! ! ZPQ0!%ﬂ5
# ﬂq#,0!7l9:*+DNQ$'! !ﬀ y0! 0!+%K !#ﬁ- !0!- ﬃ >- ! k,#-ﬀﬂ*zP!0()B iQ'!,G-'!"2'! !0k%K'(R0!-

a#ﬁ !68ﬃfdﬂGH=!bNﬂﬁ,%ﬂ'(Rm- .
.'a68$ﬁ9:*ﬁ'!c0!'!$GH= %ﬂ !ﬀ8-F4%ﬂ5ﬂ*ﬁg;=4%ﬂ"ﬁ- !9A%ﬂ$*ﬁ p$Bﬂﬀ8,#GH=X*<%ﬂ,#"ﬁ6k- !uﬀﬂ 4%ﬂ'(ﬁﬃNZ'(68ﬁ0@?
 X'! !ﬀb1-Y2#"ﬁGH=!- |ﬃI-ﬁGH=( !-*ﬁl9:*ﬁ#NQ-ﬁ'! !ﬀﬂ"ﬁ9A%ﬂ$*ﬁS'! !0_1-'!ﬀ8-= 8ﬁ#ﬀ8s%ﬂ 4%K*ﬁ68B"ﬁGH=(siQ*+$'!9:*+'!-.
.-"s#"$*q !"$ﬃI-"ﬁ68 (0!$SﬃI-:RUT
%
ﬂ&?7 :*+$"ﬁ'!GH=X'! (ﬀ8 |1'(slﬃ(ﬀ8ﬁ- !1'! (ﬀN868 
%
#"ﬁ9K68ﬀ8[Y&-ﬃI]B
 >68$Rm-,0  !'!$6@GH=(ﬁ'(ﬁﬀ8#"ﬁGH=!--" !ﬀ8$ #IC6Q0!-<+%K0!6Q68 !9K68,68ﬀﬂ"ﬁGH=(t\&"^*++%K=!,'! (ﬀ8"ﬁF!,%ﬂ X'! !ﬀ8- 
1ﬂ. \.4ﬃ 
a#ﬁ :*+'(BC68$ gN86ﬂ x\&-0!'@*+'! !ﬀ(.
6a-ﬃI- 0( vb68B-*ﬁﬁt0! "E; O?h\&,#0!J=!%K*b"ﬁ#GH= 0!'!ﬁGH= 0!#-'a6ﬂﬁﬁ-9:*+'!)%ﬂ'(GH= 0(c"^*H%K*ﬁ"$*ﬁD?
"ﬁGH=! #J'4%ﬂ,D*HdK*|0(04%ﬂ+%K'!"Cﬃ$GH=! (-*+- l9:*+DNQ$'! !ﬀ8"$9A%ﬂ$*ﬁ Nﬂ$ﬃI-"ﬁ"ﬁ-$*. .#kv 1(*+y0!-
'a68$ﬁ-,`%K*ﬁ68 	1-Y2#"ﬁGH=!- \  A.7? '768 :*+ﬁ%ﬂ"$*a'! !0?NZ,DRm'! !9:*+#68 	"$*ﬁﬀC%ﬂ Pf0!# 8 %ﬂ=!$"ﬁGH=!- !,#GH=@?
9ﬂ-#*ER21!]- !2R~dﬂ,#"ﬁGH=!,#GH=C%ﬂ,">l9:*ﬁ#NQ-ﬁ'! !ﬀt :*+-ﬁF!$-*ﬁ^*+21'@R~dﬂ,,#ﬀ8!3s,#'!9:*+'4%A*+6ﬂ  !%ﬂ=!B "$*+%ﬂﬁ9
%ﬂﬃ.la'!58-ﬁ0!-B =4%K*)"$GH= 0!c0('!ﬁGH= 0! \  A.7? " #I9:*)N8-ﬁ'!$"+%ﬂGH=:*+Cﬁ-,`%K*ﬁ#N8_i@ﬀ8 !%ﬂ,`dﬂ (0![?
ﬁ'! (ﬀxN8-ﬁ"$*+dﬂﬁ9:*.  h !"$ﬀ8"ﬁ%ﬂB<*_9A%ﬂ ! BM%ﬂ "+%ﬂﬀﬂ Pq04%ﬂ5"ﬁGH=r0("$*H%A*+"^*+#"ﬁGH=!ui@ﬀ8 (

9A%ﬂ !10!-
l9:*+DNQ$'! !ﬀr0!'(ﬁGH= 0! '768ﬁ$9:*+'!gB#*$*+-,"u%K !ﬀ8F!%ﬂ5ﬂ*+-	;=4%ﬂ"ﬁ- !9A%ﬂ$*ﬁ 0!'@*+,#GH= $= 8=:*
=4%K*.
.cv)$'! !0 R21!<0!#Nﬂ$ﬃI-"ﬁ"ﬁ-$*ﬁyiQ*H%K*ﬁ"^*+9x9 8 ! :*ﬁu04%ﬂ$ ,-ﬀ8 ZP04%ﬂ5x- !1-,# !u;$9@-,OP0!#
i@ﬀﬂ 4%ﬂ,`dK !0!$'! !ﬀ8- 0!'!ﬁGH= 0! \  A.7? " #I9:*t%ﬂ'(R Y]"$ P 0!'(ﬁGH=rT%ﬂﬀ8 ![*ﬁRm,#0! (=!68B68ﬀ8 (D?
*HdK*ﬁ pN868 =(ﬁB a$"ﬁF!$'! !ﬀ Nﬂ$"ﬁGH=!68ﬃ Y2'!ﬁ0!- . .'!$GH= 0!#ﬁ'a68$ﬁ9:*ﬁ'!_Y&-ﬁ0!- "ﬁ#	%ﬂ 
=!$g'!ﬁ"$F!;1( !ﬀ8,#GH=!y;w68"$#*ﬁ68 r1-'!;1!GH9pF!$6$1--$*z. .68$*"$ !0p"ﬁ#ﬂP#B vbﬀ8- !"+%K*ﬁ1	1'!_Rm=Q?
,-ﬁ=4%KR *ﬁ r;q68"ﬁD*+#68 P Y20(<Nﬂ68 p\&,#0!F!'! (9X*ﬁ r'!Bﬀ8-ﬃI- Ps0!#M-ﬃI- (R~%ﬂ,,#"tNﬂ68 r0!c\  >.2?
'a68 :*ﬁ+%ﬂ"^*Hdﬂ !0(ﬁ'( !ﬀ	ﬃI[*+ﬁ6 #Z- "ﬁ (0.
.J%u0(<RUT
%
ﬂ&?hl'("$Y]$*ﬁ'! !ﬀ	0!#  h (Rm68$BM%K*ﬁ68 0!ﬃI ?
 4%ﬂGH=Xﬃ4%ﬂ^*+- 	\&,#0!F!'! !9:*ﬁa X'(*ﬁ1-*zP@'!B 1'(R~dK,,#ﬀ8!3s,#'!9:*+'4%K*ﬁ68 ( CNﬂ68 u-GH=X*ﬁ y\  A.7?^iQﬀ8 4%K, 
1'y'! :*+-ﬁ"ﬁGH=(0( P9 8 ( ! x;> 9@,OP(0!b#B '! !9K68ﬁ$ﬀ8#^*+ 	\],0g (GH=:*7ﬀ8-Y]^*+-*7Y2'!$0! Pf# 
0! y9ﬂ6ﬂﬁﬁ#ﬀ8-$*ﬁ y\&,#0!$ g1'y# !/N8-ﬁﬃ"$"ﬁ^*+- iQ*H%A*+"^*+#9CﬃD*++%Kﬀ8 	'! !0y0!# i@ﬀ8 (

9A%ﬂ !1
0!2la9X*ﬁ#NQ-ﬁ'! (ﬀ-ﬁ= ﬂ=! .
J5,=  * -
 
   
 ,P,	 

 h 0!-3f%ﬂ,,#"$*+'(0!g9K68 ! :*+ 0!#?'768ﬁ$9:*+'!CBCD*ﬁ*ﬁ,"C%ﬂ !ﬀﬂF4%ﬂ5K*+M;=4%ﬂ"ﬁ- !9A%ﬂ$*ﬁ %ﬂ'(GH= =!$
;+%ﬂ9:*+#9A%ﬂﬃ!,##*+dK*_ \&-1'!ﬀp%ﬂ'@RJRUT
%
ﬂ&? a :*+-ﬁ"ﬁ'(GH=Q'( !ﬀ8 '! :*ﬁg\&[Y&-"C"$*+-,,# . .yl'@R`?
 4%ﬂ=!B0!%ﬂ'!20!- '768ﬁ$9:*+'!$04%K*ﬁ xﬃ-*ﬁ+dﬂﬀK* X'!7-*hY&%M0!# 
adﬂ,#R *ﬁ)0!:.J%ﬂ'!-- !- RUT
%
ﬂ&?
" 9(F$B :*+"-P:Y&- ! uBC%ﬂ |"$*H%A*ﬁ*]1-Y]ZT#*$*+,#'! !ﬀ8- | Q'(&# !2BM%KGH=X*PX"ﬁ68ﬀ:%KE X'!E# R -$*+-,O.
.J% - !xRUT
%
ﬂ&?7 X*ﬁ$"ﬁ'!GH=X'! !ﬀ B"^*g%ﬂ'("MNQCﬃ!"M"ﬁGH=("ﬁ"># !1-, 9(F$B :*+- '! !0 0!-
l'(Rm !%ﬂ=!Bg ("_=!6QGH=4%ﬂ'(Rmﬀﬂ, ﬂ"$*+- pl 4%K*ﬁ68B0!%K*+- !"+%K*ﬁ1-"ﬃ"^*+-=X*9A%ﬂ ! 0!#u1'!"ﬁdK*+1-,#GH=!
T5ﬂ1D*/R21!20!='768ﬁ$9:*+'(2Nﬂ$ 4%ﬂGH=!,dﬂ"ﬁ"$ﬀﬂ*2Y]ﬁ0( .
 hB
%
%ﬂ=(BC- c# !s%ﬂ'(*+6ﬂBM%K*ﬁ"$^*+- RUT
%
ﬂ&?hl'("$Y]$*ﬁ'! !ﬀ!PAY2]"ﬁ&%ﬂ c0!- lﬃ@*+#,'! (ﬀ 6a-'!ﬁ6A?
+%ﬂ0(68,#68ﬀ8E :*hY2#GH9ﬂ,D*]Y2#ﬁ0xjU;ﬁ6ﬂBC6ﬂ*ﬁ68 ">$ !"$* 6a- ! !#ﬀ@ 6a- ! !#ﬀ*I*,(F`n[P:9A%ﬂ ! 04%ﬂ"E;ﬁ6ﬂﬀ8+%ﬂBB
, ﬁﬃ "!$#&%('"',-GH=:*) :*ﬁﬀ8$^*JY]ﬁ0( .ﬀﬀﬂﬁﬃ "!$#&%(')'CY2$0 %ﬂ,"*ﬂq#, 0!")laﬁﬃ#*ﬁ"+%ﬂﬃ(,`%ﬂ'(Rm"
%ﬂ'(*ﬁ68BM%A*+"$GH= BCD*t0( - :*+"ﬁF(ﬁGH=( !0!- 34'! (9X*ﬁ68 ("ﬁF4%ﬂﬁ%ﬂB-*+-ﬁ %ﬂ'(Rmﬀ8-ﬁ'(Rm- P "ﬁ604%ﬂ5x9K# !
Y&-#*ﬁﬁ  h :*+-+%ﬂ9:*ﬁ68 1!ﬃI-)0!Cv   h"  !6ﬂ*hY] !0!#ﬀyY2#ﬁ0.A.a 1'!"ﬁdK*+1-,GH=(NZ-#*H%K'(R YS%K !0 ﬃI-
# !>ﬁ6ﬂ'(*+# !BCdﬂ58#ﬀ8 <RUT
%
ﬂ&?7 X*ﬁ$"ﬁ'!GH=X'! !ﬀ_B#*sN@# " 9@FI-ﬁB :*ﬁ Mﬃ-*ﬁ+dﬂﬀK*]ﬃf; HPX0!#
%ﬂ'(RI0!B %K9X*ﬁ'!,#,- uiQ*+%ﬂ !00! ﬂqGH=! (9|"ﬁ# !0P:Gz%@. *I T X'(*ﬁ PXﬃ4# !]vb"ﬁ%ﬂB<*+0!%ﬂ'!>0!-
RUT
%
ﬂ&?{l'!"^Y&-$*+'( !ﬀM68=( ! "E; O? 'a68$ﬁ9:*ﬁ'!/N868 yGz%(. )|iQ*ﬁ'! !0!- .
 
 
 g  E gg     	

	
J I
NZ'!s"
8
BCF(*ﬁ68BC%K*+#"ﬁGH=!- _\&=!%ﬂ !0!,#'! !ﬀbﬃ"ﬁ6ﬂ !0!$""ﬁGH=:Y]ﬁ- 3 dﬂ,,#N868 _GH=!$68 !#"ﬁGH=!-BLi@GH=!B$1
'! !0 ;s%ﬂ$9Q# !"ﬁ6ﬂ !"ﬁGH=!- 'b+%K !9X=!D* Y]$0! BF!,`%K X*ﬁ-ﬁﬃ4%ﬂ$-6a-'!ﬁ6ﬂ"$*+#Bc'!,%K*+#68 !"ﬁ"
8
"$*+-BCcR21(
ﬂ/[Rm !=!#ﬁ 6@0!-
%
1!GH9K !BC%ﬂﬁ9pN8-$Y] !0(-*z.S\&70! ;s%K*ﬁ :*ﬁ PE0!y'! :*+-MGH=!$68 !#"ﬁGH=!-B
i@GH=!B$1,#0( P "$68,,/0(glF(F!,#9K%A*+6ﬂ r,-9:*+ﬁ#"ﬁGH=!-R8 GH=("ﬁ,#"ﬁF4%K ! X'! !ﬀ # %K'!"ﬁﬀ8[YSdK=!,#*ﬁ 
G-ﬁﬃ(+%ﬂ,# 
%
ﬀ8#68 ! <0!  >+%Kﬁﬃ#*ﬁ'! !ﬀJ0(>i@GH=(BC-ﬁ1"$ﬀ8 !%ﬂ,S#Bv)-=!$ <'! :*+-ﬁﬃ!# !0!- 6Q0!-
1'!B (0!"^*)=!BBC- .
" *hY&%y- .$#*$*+,w0!);w%K*+# :*+- -$R~dﬂ=($*b0!'(ﬁGH= 0!-67'!$68"$*ﬁBc'(,`%A?
*+#68 $0!6QGH=x9K (  (0!$'! !ﬀ!. NZ'!  >$ﬃI-"ﬁ"$ﬁ'( !ﬀu1'(9 1( (R *+#ﬀ8iQ*+#Bc'!,%K*+#68 !"ﬁ"
8
"$*+-BCb'( !0
# !)1'(Nﬂﬁ,dﬂ"ﬁ"$ﬀ8-ﬁtl'!"^YS%ﬂ=(,wﬀ8-#ﬀ8 !-*ﬁ7;s%A*+- :*+ xB  >68^Rm,#0y0(  hBCF!,%ﬂ :*H%K*ﬁ68 g#"$*7# 
*+#-Rm$"= >$"$*HdK !0! !#"t0!- 8 ﬁ9X'! (ﬀ8BC-GH=4%ﬂ !#"ﬁB 0! ﬂ/[Rm !=(ﬁ ( !'!$68"$*ﬁBc'(,`%K*ﬁ68 kY!1! Q?
"ﬁGH=!- !"$Y]^*z.
" yﬀ8-ﬀ8 ![*+-"8 $9Q1-'!ﬀM1'!:"$Rm68$"ﬁGH=X'! !ﬀRm'! !9:*+#68 !,#,-  >68ﬁﬀ:dK !ﬀ8)B vb=(ﬁ ZP4"ﬁ6C%ﬂ'!GH=
0!7l9:*ﬁ#NQ-ﬁ'! !ﬀ< !'!$68 4%ﬂ,#]lﬁ%ﬂ,70!'!$GH=g0! 6a-'!ﬁ68"^*+#Bc'!,`%A*+6ﬂ P8"$*ﬁ,#,#*]0!JTx%ﬂﬀ8 ![*+$"ﬁ6A?
 4%ﬂ !1[*+68B68ﬀ8ﬁ%ﬂF!=!#S04%ﬂ-.Xi@-#* B8%ﬂ=!$ =4%ﬂﬃ "ﬁ#GH=C# 0(>9X, ("ﬁGH=( 
%
6ﬂ'(*+# !0!%ﬂﬀ8 !6ﬂ"$*+#9tBC%A?
ﬀ8 ![*+ﬁ-"ﬁ68 !%ﬂ !1-*ﬁ68B68ﬀ8+%KF!=!"$GH=! a :*ﬁﬁ"$'!GH=X'! !ﬀ8- N868 
7ﬁ !%ﬂ9:*+#NQD*HdK*P ?{0!'!ﬁGH=Xﬃ!,#'(*+'( !ﬀ '( !0
1-,,'(,`dﬂ$  h :*ﬁﬀ8$#*HdA*Y2 0( Rm'! !9:*ﬁ68 !-,,#T
%
ﬂ jmRUT
%
ﬂ7n[P ;q^Rm'!"ﬁ#68 !"^? T
%
ﬂ '! !0 .$#Z'!"$68 ("^?
T
%
ﬂ}j~04T
%
ﬂ7na[*H%ﬂﬃ!,#-$*z. .#<RUT
%
ﬂe9 ﬂ ! :*+_"ﬁ#GH= ﬃI-s0!-+%ﬂ^*+#ﬀ8 iX*+'!0!# %ﬂ,#"Jﬃ"ﬁ6ﬂ !0!$"
=!,DRmﬁ-GH= -$Y]#"ﬁ Z.0" r;w%ﬂ+%ﬂ0(ﬀ8BC%x%ﬂ'("_%ﬂ'(Rm- 4%ﬂ (0!^Rm68,ﬀ8- !0!- r;=4%ﬂ"ﬁ- %ﬂ9:*+#Nﬂc'( !0r @?
%ﬂ9:*+DN8 6a-'!ﬁ6ﬂ"$*+#Bc'!,%K*+#68 kYSdKﬁ04%ﬂﬃ>ﬃI-"$F!-,"$Y]#"ﬁ|0!- !9Xﬃ4%ﬂ.4.#|Nﬂ68ﬁ,#-ﬀ8 !0(Claﬁﬃ#*
'! :*+-ﬁ"ﬁ'(GH=X*M0!T ﬂﬀ8,#GH=!9ﬂ-#*+- p'! !0 F!=
8
"$9A%ﬂ,#"ﬁGH=( vbﬁ- !1- 0(6a'(*ﬁ1'! !ﬀ N86ﬂ %ﬂ9:*+DN8-
ﬂ/[Rm !=!#ﬁ ! ('!$68"$*ﬁBc'!,%K*+#68 u%K,"2;s%K+%ﬂ0!#ﬀ8BC%<R21!SRUT
%
ﬂ&? " 9@F$B :*+K.
NZ'! 4dﬂGH=("$* Y2'!$0!S0!'(ﬁGH=iQ*ﬁ'!0!- |%ﬂ _;=4%ﬂ :*ﬁ68BC- cﬀ8-9Q,dﬂ$*wY&-,GH=!&ﬀ8"$'! !0!=!-#*ﬁ,GH=( 
%
"$9ﬂ- 
BCD*/# !/RUT
%
ﬂ&?a :*ﬁﬁ"$'!GH=X'! !ﬀMY&dﬂ=!$ !0x%ﬂ9:*+DN8.J\SigNﬂﬁﬃ('! !0!- k"ﬁ# !0. .# "$ﬀ8ﬃ! ("ﬁ"$
1-ﬀ8- P(04%K5 $ 4%KGH=y 9@FI-ﬁB :*ﬁ,,#B i@[*+'!F	'! (0uN8^Y&- !0![*+7\&#,0!ﬀﬂﬃ!'! (ﬀ8"ﬁ"$WX'! (1b1ﬂ. ﬂb.
$=!ﬃ!,#GH=!/v)[R~%ﬂ=!ﬁ- _R21!;s%A*+- :*+ |ﬃ"^*+=( .  h !"$ﬃI-"ﬁ68 (0!$2Y] ( C04%K"  >$ﬃ! !0('! !ﬀ8"$9K%KﬃI-,
1-Y2#"ﬁGH=!- 6a'(ﬁ68"^*+B<'!,`%K*ﬁ68 ("ﬁ,#9:*+$6@0(_'! !0 ﬂq"^*+"^*+B<'!,`%K*ﬁ68) '! !B#*ﬁ*ﬁ,#ﬃ4%ﬂﬁ-=6dﬂ=(M1'(
"ﬁ- !0! (0! 
 3q? i@F!'!,# 1'!B  #ﬀ8- 9ﬂ68BB<*b'! (0 \&#,0!ﬀﬂﬃ!'! (ﬀ8"ﬁ"$WX'! (1 BCD*bﬃ"ﬁ6ﬂ !0!$"
=!68=!-iQ*ﬁ+%ﬂ=(,'! !ﬀﬂ"ﬁ,-"^*+'! !ﬀ7# !ﬀ8-"ﬁ-*ﬁ1-*wY&-ﬁ0!- PKY2'!$0! c%ﬂ c0!- ",-9:*+ﬁ6Q0! ﬂw-BCFﬁ%K*+'!$"$*ﬁD?
ﬀ8$'! !ﬀ8- yNﬂ68 xﬃ("/1' J5,@P  ◦ H %ﬂB J8P+, ﬂ&? ﬂw68B68ﬀ8ﬁ%ﬂF!=!- 	'! !0&)I(PCI ◦ HV%KB ﬁﬂ&?ﬂq68B68ﬀ8ﬁ%ﬂF!=!- 
ﬀ8B"$"ﬁ- .>l'!GH= 0!g0!'(ﬁGH= 
:3q?hla !ﬁ-ﬀ8'! !ﬀﬂ"ﬁF!'!,#"ﬁ	1-Y2#"ﬁGH=!- 0!#y;w68,#g0!R",-9X*ﬁﬁ6Q0!	 @?
0!'!1-^*+ i@F!%ﬂ ! X'! !ﬀ|$ﬁ-GH=:*+ Tx%59(#BM%K,#Y]$*ﬁﬃ;q68"ﬁD*+#68 !-ﬁ'! (ﬀc0!"  >-ﬁﬃ!# !0!'! (ﬀ8"ﬁ9A%ﬂﬃ,#"
 :*+,%ﬂ !ﬀ 0! 
 3q? i@F!'!,# .>lB J8P+, ﬂ&?ﬂq68B68ﬀ8ﬁ%ﬂF!=!- Y2'!$0! iQF4%ﬂ ! X'! !ﬀﬂ"+%ﬂBF!,D*+'!0( Nﬂ68 
BC-=!w%ﬂ,";K9  ﬃ J>=SI ◦ ?
%
-Rm689X'!"$$'! !ﬀ8"$F!'!,#"ﬁ <ﬀ8B"$"ﬁ Z..#]# !0!'!1--$*+&i@F4%K ! X'! !ﬀJ$GH=Q?
*+c1K.ﬂb.%ﬂ'!"J'!B 34'! !9K !"$GH=!,`%ﬂﬀ	1[Y2"ﬁGH=( 0! kRm$# " !0!- 0("  >-ﬁﬃ!# !0!'! !ﬀﬂ"ﬁ9A%ﬂﬃ,"=! ?
J *)
N868$1'!$'(Rm Z.
."ﬁﬀ8-ﬃ! !#"ﬁ"ﬁC1-ﬀ8- $0(6@GH=r%K'!GH=Pq04%ﬂ5x-"<B8ﬀ8,#GH= "^*zP 0!  9@FI-ﬁ#BC- X*ﬁ,#, l'(Rmﬃ!%ﬂ'
'! !0p0!#uN8^Y&- !0![*+ \&,#0!ﬀ8ﬃ('! !ﬀ8"$"ﬁWX'!- !1- "ﬁ6 1-' Y&dﬂ=!,# P 0!%ﬂ5 0!	;w%K*+# :*+- 0!'(ﬁGH=
0!tRUT
%
ﬂ&?7 :*+$"ﬁ'!GH=X'! (ﬀx9ﬂ- $= 8=:*+-"  >ﬁ,#-*ﬁ1'! !ﬀﬂ"ﬁﬁ#"ﬁ#9ﬂ6u*+ﬁ%ﬂﬀ8- . i@6gBc'(5g04%ﬂ"  >$ﬃ! @?
0!'! !ﬀﬂ"ﬁ9A%ﬂﬃ,BBC-E"$6c :*ﬁ,`%ﬂ !ﬀt0!/i
8
BCB-*ﬁﬁ%ﬂGH=!"$0!-"4ﬂw6ﬂBC68ﬀﬂ+%ﬂF!=( MF68"$#*+#68 !#$*Y] ?
0! ZP!04%ﬂB#*&0!/laﬃ!"$*+%ﬂ !0y1'!/"$ !0!- !0!- 
 3 ?^i@F!'(,JBC%(9@BC%ﬂ,f"^*z.(la'!GH=y"ﬁ68,#,#*+- g X'!7T
%
?
i@WX'!- !1- Nﬂ$Y] (0!-*CY&-ﬁ0!- P>0!g- !gﬀ8-ﬁ# !ﬀ8yiQ*ﬁ+%ﬂ=!,#'! !ﬀ8"$,-"$*ﬁ'! !ﬀ =4%KﬃI- .Ei@F!# !GH=!6A?
'! !0 ﬂq'!$ﬃI6K? i@F!# !GH=!6A?^i@-WQ'( !1- "ﬁ (0 1' NﬂﬁB#0! Z.sl'(GH=r"ﬁ68,#,#*+KPY&- ! pB8ﬀﬂ,GH=ZP (
i@ (0!"$F!'!, Nﬂ$Y] (0!-*Y&-ﬁ0!- P20! B8ﬀ8,#GH=!"^*uﬀ8'(*%ﬂ 0!# vb68B-*ﬁﬁx0!	'! :*+-ﬁ"$'!GH=@?
*+- '	8ﬁF$ﬁﬀﬂ68 %ﬂ !ﬀﬂF4%ﬂ5K*|"$*P0! ( ! 04%KBCD*_9A%ﬂ ! 0!yiQ*ﬁ+%ﬂ=(,'! !ﬀﬂ"ﬁ,-"^*+'! !ﬀ  !6QGH=!BC%ﬂ,"
N8-ﬁﬁ# !ﬀ8-$*JY]$0! .A.a-34'! !9:*ﬁ68 k0(=6a-'!ﬁ6ﬂ"$*+#Bc'!,%K*+#68 yY2#ﬁ0 0!'(ﬁGH= 0!_T
%
? T"$"ﬁ'! (ﬀ!P
%ﬂﬃ!ﬀ8-"ﬁ-=! MNﬂ68 CNﬂ$ (1,D*+- P@"$FI6ﬂ X*+%ﬂ !- Ml'("ﬁ"ﬁ[*+1-ﬁ ZP( !#GH=X*]ﬃ# :*++dKGH=X*ﬁﬀﬂ*.  h !"ﬁﬃ"$68 !0!-ﬁ
"ﬁ# !0	9ﬂ# !tiQ*+#Bc'!,%K*+#68 ! M0!'!ﬁGH=kv)ﬁ%ﬂ0!# :*+- !"ﬁGH=4%K,#*+'( !ﬀ8 y1'y^YS%K$*+- .
"" 9K68 ! :*+Rm$ !)ﬀ8-1#ﬀﬂ*bY]ﬁ0( Pq04%ﬂ5	# !|+dﬂ'(BC,#GH= %ﬂ'(Rmﬀﬂ, ﬂ"$*+R"GH=:*+1-#*;1!ﬃ$Y&%ﬂGH=X'! !ﬀ
0!/ﬂqBFI-+%K*ﬁ'!b 0!- aBﬀ8ﬃ!'( !ﬀ0( ",9:*ﬁﬁ6Q0!|0!'!ﬁGH= T
%
?ﬂ/=!-ﬁB68ﬀ8ﬁ%ﬂF!=!#_B8ﬀﬂ,GH=
"^*z.I;s%K*ﬁ :*ﬁ 9 8 ( ! "ﬁ6gY&dﬂ=!$ !0 0!-a :*+-ﬁ"$'!GH=X'! !ﬀ&1(ﬃI-$Y&%ﬂGH=:*t6Q0!-
%
#"ﬁ#9ﬂ kNﬂ68J0!-
#ﬀ8 :*+,#GH=!- a :*+-ﬁ"ﬁ'(GH=Q'( !ﬀg%ﬂﬃ!ﬀﬂ9X,`dﬂ^*SY]ﬁ0( .
6%ﬂGH=(0!BL 4%KGH=!ﬀ8-Y2#"$ MY2'!$0!ﬂPX04%K5)RUT
%
ﬂ&?7 X*ﬁ$"ﬁ'!GH=X'! !ﬀﬂ uY&dﬂ=!ﬁ- !0u%K9X*ﬁ#Nﬂ 6a-'!ﬁ68"^*+ ?
Bc'!,%K*+#68 =!# !"ﬁ#GH=:*+,#GH= 0!-v)[R~dﬂ=!ﬁ0('! !ﬀ N868 ;w%K*+# :*+- jm'! :*+-ﬀﬂ-Y2"$"ﬁ- P"$*ﬁﬁ (ﬀ 1-'pﬃI ?
Rm68,ﬀﬂ !0!- 	\&0( !ﬀ8'( !ﬀ8 4n&0!'!ﬁGH=@R21!=!ﬁﬃ!%ﬂ2"ﬁ (0P@Y2'!$0!)'! :*+-ﬁ"ﬁ'(GH=X*PI# :Y2-Rm-ﬁ g0!#b\&#,0!WX'4%A?
,D*HdK* 0!-|T
%
?hl'@Rm 4%ﬂ=!B 0('!ﬁGH=p0!#u%ﬂ9:*+DN867'!$68"$*ﬁBc'(,`%K*ﬁ68 ﬃI-# 4'!5ﬂ*<Y2ﬁ0Z. .J%KﬃI-
Y2'!ﬁ0( p0!ﬁ-S'! :*+-ﬁ"$GH=!-0!,#GH=!	l,ﬀﬂ68ﬁD*+=!B 1'!P'768ﬁ$9:*+'!cNﬂ68  >ﬁ1-$ﬁ'! !ﬀﬂ  ">; O?
\&,#0!$ '! :*+$"ﬁ'!GH=:*-b%ﬂ !ﬀ8-F4%ﬂ5ﬂ*ﬁ ;>=!%ﬂ"ﬁ- !9A%ﬂ$*ﬁ PJT=!$9A%ﬂ 4%ﬂ,#BC6Q0!'!,%K*+#68 '! !0
%
-ﬀ8"^*+$[?
ﬁ'! (ﬀ!. .J%KﬃI-S"$*+%ﬂ !0 N. %@. =!$"ﬀ8 X'! (ﬀk1'!P'768ﬁ$9:*+'(cN868 ">; O? .J%K*ﬁ Ps0!MR21(c"ﬁF4dA*+$
RUT
%
ﬂ&?{l'!"^Y&-$*+'( !ﬀ8 xﬀ8 X'(*ﬁ1-*2Y&-ﬁ0!- k"ﬁ6ﬂ,,- P!#B  >68$0!$ﬀ8ﬁ'! (0. ""7Y2'!$0!  (ﬁ"$D*+"2=@?
ﬁP3 dK=!ﬀ89KD*J1'( ﬀﬂ68B-*ﬁﬁ"$GH=! '768ﬁ$9:*+'!-P %ﬂ !0!-ﬁ-ﬁ"ﬁ-#*ﬁ" 0(7#J'4%ﬂ,##*HdA*0!-)9ﬂ68$ﬁﬀﬂ^*+- 
\&,#0!ﬃ'($*+-,D*z.:l'(58$0!B "^*ER21(]- !- u"ﬁF4dA*+$ u9X,# !#"ﬁGH=!- " !"ﬁ%K*+17# !T-*ﬁ=!6@0(ﬀ8 ?
Y!1! !"$GH=X*P80!#&"ﬁ6 Y]68=!,!ﬃQ0!- -NX*+,U.K (6ﬂ*hY&- !0!#ﬀ8 _la'(Rm 4%ﬂ=!B&0(0'768ﬁ$9:*+'!$04%K*ﬁ Pﬂ%ﬂ,"s%ﬂ'!GH=
ﬃI-w0( .a'!ﬁGH=(R21(=!ﬁ'! (ﬀg0! 'a68$ﬁ9:*ﬁ'!$68ﬃ!'!"^*zP1'(Nﬂﬁ,dﬂ"ﬁ"$ﬀu'( !0kB#*7Bﬂﬀ8,#GH=!"$*7ﬀ8-ﬁ (ﬀ8B
NZD*H%ﬂ'(R Y&%ﬂ !0y%ﬂﬃ(,`dﬂ'(R *.
. Ty-*+=(6@0! 0!-a%K !ﬀ8F!%ﬂ5ﬂ*+- x;=4%K"ﬁ (9K%K$*+- x=4%A*a"$GH=y04%ﬂﬃ %ﬂ,#"7%ﬂB ﬃ"^*+ ﬀ8-ﬀ8 (-*7 ?
Y2-"ﬁ Z.Si@#	"$*- !-ﬁ"ﬁ-#*ﬁ"M 0!-
 %ﬂﬀ8KP>ﬀ8ﬁ685ﬂ+dﬂ'!Bﬀﬂ >ﬁ1-$ﬁ'! !ﬀﬂ 1!ﬃ04%ﬂ"Cﬀ8"ﬁ%ﬂB<*ﬁ
Jﬃ $9:*/1-'y9K68ﬁ$ﬀ8#$ .Ql !0(ﬁ-ﬁ"$#*ﬁ"/$B8ﬀﬂ,GH=:*]"ﬁ#J%ﬂ'!GH=	0!# '768ﬁ$9:*+'!SNﬂ68  >$1-ﬁﬁ'( @?
J ﬁ
ﬀ8 0!'!ﬁGH=r"^*H%ﬂ$9ﬂKPs,6ﬂ9K%K,Eﬃﬀﬂﬁ (1-*+gi@'!"ﬁ1-F(*ﬁﬃ!#,D*HdK*ﬁ"ﬁ"ﬁGH=:Y&%ﬂ !9X'! !ﬀﬂ PqY2M"$C 0( 7B|?
ﬀ8ﬃ('! !ﬀgN868 B-*H%K,,#"ﬁGH=!-  hBF!,`%ﬂ :*+%K*+- %ﬂ'(R *+$-*ﬁ . .a'!ﬁGH= 0!P'768ﬁ$9:*+'(b9ﬂ68 ! :*ﬁ "ﬁ68ﬀ:%K
\&$#GH=!ﬂPX0!#/0!'!ﬁGH=ui@ﬀﬂ 4%ﬂ,`%K'!"ﬁ, 8"ﬁGH=X'! !ﬀ)ﬃ-*ﬁﬁ6#I |YS%Kﬁ ZPXNﬂ$9Q,## !^*EY]$0! Z.@la'!58$0!B
1-GH=! ![*2"ﬁ#J"ﬁ#GH=g !"$ﬃI-"ﬁ68 !0(ﬁbﬀﬂﬀ8- 1(ﬃI-/0! '768ﬁ$9:*+'(/BCD*ﬁ*+-,"]T-=!ﬁ9A%ﬂ 4%K,B6@0!'(,`%K*ﬁ68 
0!'!$GH= - !- ﬀﬂﬁ# !ﬀ8- 1-D*+,#GH=! la'(R Y&%ﬂ !0 R21!b0!_l/WX'!#"ﬁD*+6ﬂ 0!='768ﬁ$9:*+'!$04%K*ﬁ '( !0
0!=6a%ﬂGH=:N8-+%ﬂ$ﬃI-#*+'( !ﬀu%ﬂ'(".
. "ﬁﬀ8-ﬃ! !#"ﬁ"ﬁc%ﬂ'!"0( ;=4%ﬂ :*ﬁ68BC"^*+'!0( x9ﬂ68 ! :*ﬁ kR21!a0! 'a68$ﬁ-9X*ﬁ'!B#*$*+-,"7%ﬂ !ﬀ8-F4%ﬂ5K?
*+-2;>=!%ﬂ"ﬁ- !9A%ﬂ$*ﬁ x0('!ﬁGH= (JRUT
%
ﬂ&? 3f%ﬂ,#,"^*+'!0!#J%ﬂ 	- !-/ﬀ8"$'! !0!- k;ﬁ68ﬃ!%ﬂ !0!# yﬃ"^*HdK*ﬁﬀﬂ*
Y&-ﬁ0!- .i@6 Y]68=!,Z0(Jﬀ8-68B-*+$"$GH=!)vb 4%ﬂ'(ﬀ89K#*S%ﬂ,"&%ﬂ'!GH=g0!#J"$*+%K*+#"$*ﬁ"ﬁGH=()i@ﬀﬂ !

9A%ﬂ (10!-
 !'(ﬁ68 4%K, la9X*ﬁ#NQ-ﬁ'! (ﬀ!P0!#|%ﬂ'!")0! 9ﬂ6ﬂﬁﬁ#ﬀ8-$*ﬁ ">; h"tﬃ$GH=! ![*tY2'(ﬁ0!KPYS%ﬂ)ﬀ8-ﬀ8 Q?
1!ﬃ20!2la9X*ﬁ#NQ-ﬁ'! (ﬀC%K'!"20! y'! !9K68ﬁ$ﬀ8#$*ﬁ ﬃ">; O? .J%K*ﬁ 	N8-ﬁﬃ"ﬁ"$^*z.
.	ﬂs%K*ﬁ"+%ﬂGH=(ﬂP!04%K5cRUT
%
ﬂ&?7 :*+$"ﬁ'!GH=X'! (ﬀ8 %ﬂ 	;s%A*+- :*+ 	B#*]BC[*H%ﬂ,#,#"ﬁGH=!-  hBF!,`%ﬂ :*+%K*+- 
0!'!$GH=(R21!=!$ﬃ4%ﬂ)"ﬁ# !0 '! !0 1'(Nﬂ$,`dﬂ"$"ﬁﬀﬂP">$ﬀ8ﬃ( !"$"ﬁ|,#-Rm$ PZ- #I ![*) !'!R" Xﬃ!,#GH9K_ 0!#
8 $9Q'( !ﬀ8"$Y]#"ﬁkNﬂ68  hBCF!,%ﬂ :*H%K*ﬁ ﬃ(1-Y).S0!#xB#*M=! !- N8-ﬁﬃ!'! (0! !- ﬂ/=(+%KF![Rm68ﬁB .
.-"<ﬃ"$GH=!+dﬂ (9X*c"ﬁGH=  !GH=:*< Q'(c%ﬂ'(RS0!=!-t'( X*ﬁ$"ﬁ'!GH=:*+6ﬂ/#-Rm- !=!$ ! !-'!ﬁ68"^*+#Bc'!,`%A*+6ﬂ P
"ﬁ68 (0!$ "$GH=!,#5ﬂ*1ﬂ. \.%K'!GH= 0!
%
1(GH9ﬂ (BM%ﬂ$9X"ﬁ !-'!ﬁ68"^*+#Bc'!,`%A*+6ﬂ pj~- !ﬀ8,O.Zi@F!# 4%ﬂ, H&68ﬁ0 iX*+D?
Bc'!,%K*+#68 PAi H/i!n PSH&6QGH=!,#z%A?  hBCF!,%ﬂ :*H%K*ﬁ]6Q0!- 

8
0!$6@G-F!=!%ﬂ,'!" ?M >- X*ﬁ,#]- .5 >68s- !- 7 X*ﬁ ?
"ﬁ'!GH=X'! (ﬀMN868 x;s%K*ﬁ- X*ﬁ BCD*2BC[*H%ﬂ,#,"$GH=!  hBF!,`%K X*+%K*+- 	Bc'!5 $0!6QGH= $[Y&-,"2- !ti@#GH=! ?
=!D*+"$"$*+'(0!b0!# a Xﬃ0!- !9X,GH=(9ﬂD*aR21(/0! $-Y]#,ﬀﬂ  >$"ﬁ'!GH=("+%ﬂ'(Rmﬃ!%ﬂ'x'! (004%K"ﬂ$-Y],#ﬀ8
T
%
ﬂ&? i
8
"$*+-B  !%ﬂGH=:Y&-"ﬁ- . .#C#B
%
%ﬂ=!B 0!-"ﬁ-<l$ﬃI-#*t0!'!$GH=!ﬀ8-R21(=!$*ﬁ T"$"ﬁ'! (ﬀ8 
9 8 ( ! 04%ﬂﬃ %ﬂ,#"  >68ﬁ,%ﬂﬀ8b0!# !- .
.P >$1-ﬁﬁ'( !ﬀ8"ﬁ9K68ﬁ$9:*+'(|Nﬂ68 ">; O? .J%A*+ r#"$*t !GH=:*t X'!<R21! a :*+-ﬁ"$'!GH=X'! !ﬀ8- Nﬂ68 r;s%3?
*+# :*+- B#*)B-*+%ﬂ,,#"ﬁGH=(  hBF!,`%ﬂ :*+%K*+- - Y&-$*$N868,#,"=8 ﬁ9X1-'!ﬀyR21!) (ﬁdﬂ'!B,#GH=  9X?
%ﬂ9:*+-ﬁM'( !0 "^*H%K*ﬁ"$*ﬁ"$GH= 1'@N8$,`dﬂ"$"ﬁ#ﬀ8$.%ﬂﬀ8 !68"$ﬂ.qvbﬁ%ﬂ0!0!MT-*ﬁ=!6Q0!M0!-<%K !ﬀ8F!%ﬂ5ﬂ*+- 
;=4%ﬂ"ﬁ- !9A%ﬂ$*ﬁ ﬃ![*+[*|"ﬁGH=rR21!_- !g$68'(*ﬁ !-BMdﬂ5ﬂﬀ8  h :*+ﬀﬂ+%K*ﬁ68 r# r0!g9X,# !"$GH=!MRUT
%
ﬂ&?
l'!"^Y&-$*ﬁ'! !ﬀ	%ﬂ . NZ#,#"$*a0!  hBF!,-BC- X*ﬁ-ﬁ'! !ﬀ%ﬂ,#"ﬂq#,0!%ﬂ'(*ﬁ68BM%A*+"$GH=! .J%K*ﬁ :N8-+%ﬂ ?
ﬃI-#*ﬁ'! !ﬀ2%ﬂ )0!- )RUT
%
ﬂ&?hla'!"$Y]^*+[?h; H&".Kv)-+%ﬂ0(ﬃI-ﬂRUT
%
ﬂ&? a :*+-ﬁ"ﬁ'(GH=! <%ﬂ ﬁﬂ&?ﬂq68B68ﬀ8+%KF!=! ZP
ﬃI-80!- ! t%ﬂ'(R(vbﬁ'! !0)#=!ﬁ-"=!68=!- <vbﬁ'( !0!BC%ﬂﬀ8 ![*ﬁRm,#0!"Z ( tv)[Y2 ! )%K t\ A.7? 'a68 :*ﬁ+%ﬂ"^*
BCD*g# !uNﬂ$"$*HdKﬁ9:*+- ﬀ8-68BC[*+$"ﬁGH=( 7 >ﬁ1-$ﬁ'! !ﬀpN8-ﬁ9X 1!F(R *x"$*PS9A%ﬂ ! 0!# 'a68$ﬁ9:*ﬁ'!
BCD*ﬁ*ﬁ," %ﬂ (ﬀ8F4%K5ﬂ*+-c;=4%ﬂ"$ !9A%ﬂ^*+ p04%K1' ﬃD*++%Kﬀ8 Pq04%ﬂ5x0!NZ'(N8-ﬁ,`dK"ﬁ"ﬁ#ﬀ89ﬂ-#*t0!tRUT
%
ﬂ
1'! (BB<*z.
    
    	 	  	
 
 
     p	
    
.ﬂqBFI-+%K*ﬁ'!ﬁB"$"ﬁ'! !ﬀr#B Tx%ﬂﬀ8 (-*ﬁRm-,0  ("M9X,# !#"ﬁGH= ﬀﬂ X'(*+1[*+- 'b-ﬁ !"$F! :*+6ﬂBC68ﬀﬂ+%A?
F!=!- "^*+-,,#*g%ﬂ'(Rmﬀ8$'! !0 0!	=!6ﬂ=! VTx%ﬂﬀﬂ !-*$Rm,0("$*HdKﬁ9ﬂ j JﬂP+I ﬂq"ﬁ,%:nM# ﬀ8ﬁ'( !0!"+dA*+1,#GH=!-"
;ﬁ68ﬃ!,#BV04%ﬂ.l,,#>vb+dA*+ﬂP0!"$GH=  )'! !B#*$*+,#ﬃ4%ﬂ$
6adﬂ=!>0!-"sTy"ﬁ"$68ﬃ $-9X*ﬁ" '( !0t0(",ﬂw6A?
BC6ﬂﬀ8+%ﬂF(=! ﬃI

 !0!- P0 1!^Rm Y]0!-JRmﬁ$68BC%ﬂﬀ8 ![*+"$GH=k"ﬁ- k (6@GH=kRm-ﬁﬁ6ﬂBM%ﬂﬀﬂ !-*ﬁ"ﬁGH=( \& ?
"$*+%ﬂ !0(*ﬁ,#S=4%ﬂﬃ Z.:l'!58-ﬁ0!-B 0 1!^Rm 0!/"^*H%ﬂ$9ﬂ- PX1D*+,#GH=cNK%ﬂﬁ#-ﬁ (0! vb+%ﬂ0( :*ﬁ (Rm-,0!-
0!"ﬂw68B68ﬀ8ﬁ%ﬂF!=!- 0!#$ﬂqBFI-+%K*ﬁ'!ﬁB"$"ﬁ'! (ﬀ  !GH=:*cﬃ- !'!58 Z. " !$ﬀ8%ﬂ'!"$9ﬂ68F!F(,'! !ﬀﬂ 
%ﬂ'!"0!B 
76@GH=@RmﬁWX'!- !1-Rm-,0 "$ !0 ﬃ (R~%K,,"|'! ($Y!1( !"ﬁGH=:*z. ﬂw-BCFﬁ%K*+'! ?t'! !0 NZ-#*+%ﬂ' K?
"ﬁ'! (ﬀC"$68,,D*+ gB (0!"^*+ (" J ◦ H ﬃ!1[Y Jz"/ﬃ-*ﬁ+%ﬂﬀ8- .
l'(Rmﬀﬂﬁ'! !0M0!-"ﬁ&l (Rm68$0!$'! !ﬀ8- gY2ﬁ0M u0!#"$Slaﬁﬃ#*&04%ﬂ"4ﬂqBF+%A*+'!$BC-"ﬁ"ﬁﬀﬂ+dA* 'K9X?
*+$68 ;DSI_0!:3s#ﬁBC% 'K9Q*+ﬁ6ﬂ jUi(%ﬂ :*H%H&,`%ﬂﬁ%(P i@l
 
'768"$*ﬁ xG%(. J (.CISISIP"'!$6Xn&N8^Y&- !0![*z.
"" =4%ﬂ !0(,#*s"ﬁ#GH=_'!B - 

ﬃ$68F(*ﬁ"ﬁGH=("ET-=!ﬁ9A%ﬂ 4%K,D?ﬂ/=(ﬁB68B-*ﬁsB#*qNQ-sF4%ﬂﬁ%ﬂ,,#,# P =ﬂB
laﬃ!ﬃ!,#0!'! !ﬀ_lt. J -  
(
ﬁ6<J U#6;FE:  E:X !X5% K	6!   
J S,
,`%ﬂ (ﬀ8 k'( !0 I(P$JzBCB 0(GH9ﬂ- v),%ﬂ"$R~%ﬂ"$$9K%K 4dﬂ,- . Bﬂ0!- ')%ﬂ 4%ﬂ,q"^*J'! !%ﬂﬃ!=4dﬂ (ﬀ8ﬀC'! !0 ﬃ"ﬁD*+1[*
# !a-ﬀ8- !7l !$ﬀ8'! (ﬀ8"ﬁ68F@*+9f.  h M0!-&G%(. J8P ,ABCBL0!#GH9ﬂ- 	i@ ("ﬁ68$"ﬁF!D*+1aﬃI

 !0![*S"$GH=u0!'(ﬁGH=
*+[*++%zNK%ﬂ,# :*+-"bTx%ﬂ (ﬀ:%ﬂ %ﬂ9:*ﬁ#NQ-$*+-"bTx%Kﬀ8 !"$'!B_? 3w,68'!$68ﬀ8-ﬁBC%ﬂ 4%K*P@Y],GH=("JB#*7# ! J ?
 %ﬂBCF%ﬂ !ﬀ8-ﬁ-ﬀﬂ*)Y2ﬁ0Z.A.J%ﬂ" 3w,'!68$"$1 (1"ﬁ#ﬀ8 4%ﬂ,9X,# !ﬀﬂ*) 9@FI68 ( :*+#,,>B#*)- !-)*ﬁBFI-+%A?
*+'!ﬁ%ﬂﬃ!=4dK !ﬀ8ﬀﬂ NZ-#*+9K68 !"^*H%ﬂ :*+
τ
jG,@P+,KB"ﬃ!#" I(P+,KBC"+n7- X*ﬁ"ﬁF!$GH=!- !0 0(B %K9X*ﬁ#Nﬂ ﬂqBFI ?
+%K*ﬁ'!ﬁﬃ$#GH=	Nﬂ68 g? )ISI ◦ H ﬃ!" , I ◦ H %ﬂﬃ.E.J%K" 'K9Q*ﬁﬁ68 ;DSIcﬃ(-*ﬁ-*2- !*ﬂqBFI-+%K*ﬁ'!^?E'( !0
NZD*H%ﬂ' 8"ﬁ'! (ﬀ|Nﬂ68 I(P J ◦ G)'! !0 Jz".
.7Ty58F4%K+%ﬂB-*ﬁ
τ
#"$*/'! !%ﬂﬃ!=4dﬂ (ﬀ8ﬀ<Nﬂ68 v)$'! !0!BC%ﬂﬀ8 (-*ﬁRm-,0P@0!B v)ﬁ%ﬂ0!# :*+- (Rm,#0P@0( 
%
3 ? ;'!,"$ '! !0 6ﬂF(*+#"ﬁGH=!- piQ* ﬂﬁ#I9:*ﬁ . .J%ﬂ"_T%K*+-ﬁ`%K,"$*tGH=!-BC#"ﬁGH= "^*H%ﬂﬃ!#,>'! !0 "^*+$,#D?
"ﬁ#ﬁﬃ!%ﬂ. 8 -ﬀ8 0!-J"ﬁGH=(,GH=:*ﬁ 8 dﬂﬁB,##*$R~dﬂ=!#ﬀ89ﬂ-#*2ﬃ# 4'!5K*b"J0( 

8
F^*+=!-ﬁB<%ﬂ 
0! ",9:*ﬁﬁ6Q0!F!ﬁ%ﬂ9:*+#"ﬁGH=g !#GH=X*.O.a"$Y]D*+-ﬁ 	Y2$0M0!#bT
%
?^Ty"ﬁ"$'! !ﬀ_ !#GH=:*Sﬀ8-"$* ﬂ$*zPQY&- ! 
04%ﬂ"2#ﬀ8 :*ﬁ,GH=( T58ﬀﬂ+dA*7%ﬂ'!58-ﬁ=4%ﬂ,#ﬃ	0!":3f%ﬂ+%ﬂ0!%
8
9Ad

ﬀﬂ"2%ﬂ'(Rmﬀ8-"$*+-,,D*/"^*z.
     

          	  

-"ﬁ-Slﬃ!"$GH=! !D*ﬁ*2ﬃ"ﬁGH=(ﬁ#ﬃ(*29X'!ﬁ1b0(bi@ :*+%uR!& ( 	;ﬁ68ﬀﬂ+%ﬂBBM%K'(Rmﬁ'(RZN868 ﬁﬀﬃﬂ 
!#"$%$
.&'!_0!- la'(Rmﬁ'(Ra"ﬁ- !- %K,,M !6ﬂ*hY] !0!#ﬀ8 )(E%ﬂ$`%ﬂﬃ!,# rﬃ9A%ﬂ ! :*P"ﬁ6 04%ﬂ5 0!#yv+*-,O?
(>$"ﬁ6ﬂ y (GH=:*7ﬀ8"^*H%ﬂ^*+-*2Y]$0! Bc'!5!.

b-ﬁ"^*+(E%ﬂﬁ%ﬂﬃ!,aﬀ8ﬃ@*20!.768ﬁ$9:*+'!$BC[*+=!6Q0! %ﬂ 0/
12436587:9<;>=>?A@@CBEDGF
ﬂIH
"KJ
PD.#.D.MLN
Y&6ﬂﬃI-
DGF
ﬂH
"KJPORQ
0!#S.a68$ﬁ-9X*ﬁ'!bB#*ﬁ*ﬁ,#"J%ﬂ !ﬀﬂF4%ﬂ5K*+);=4%K"ﬁ (9K%K$*+- '( !0
DGF
ﬂH
"KJPOT
0!#
.a68$ﬁ-9X*ﬁ'!BCD*ﬁ*+-,"T-=!ﬁ9A%ﬂ !%ﬂ,B6@0('!,`%K*ﬁ68 r"^*H%ﬂ^*+[*z.VU X*ﬁ"ﬁF!$GH=!- !0 0!MT-*ﬁ=!6Q0!x"$-*+1- 
"ﬁ#GH=y0!%ﬂ ! %ﬂ'!GH=x0(JRm68,#ﬀ8 !0( y;s%ﬂﬁ%ﬂB-*+-/1'!"ﬁ%ﬂBBC- 0/
WPXZY8[\]W_^a`6[bdc]WPeE[fXZg>W>h<`i[fXkjElnmporqZsptCuv_w
12436587:9<;>=>?A@@CB
Q
P
Dyx6z
P	
x
ﬂHQP<{|
F
P
F}
| P
F}
ﬀ[P
$~"
 P
FF
ﬀ[P6 
J
P<
$
P
D
P6~6ﬀ[P84P8IZr:ﬁAP
"
ﬂr:ﬁ:LN

)\]0!-'(*+'! (ﬀM0!-7- !1-,# ! Ł(E%ﬂ$`%ﬂﬃ!,# g#"$*i/
Dyx6z
N868,#,"$*+dﬂ !0!#ﬀ8V
J%A*+# 4%ﬂBtj~ (G,O.8;R~%K0fnNﬂ68B \&-*ﬁ+%ﬂﬀt0!".a68$ﬁ-9X*ﬁ'!ﬁ0!%K*+- !"+%K*ﬁ1-"KN 
x
ﬂIH
; R~%ﬂ0 0!J;>=!%ﬂ"ﬁ_0!-".a68$ﬁ-9X*ﬁ'!ﬁ0!%K*+- !"+%K*ﬁ1-"KN_{|
FS
ByR_KJ;>=

_

.pE_

~E@?
~
K

N
F}
|

_pUGH=_pKEM_M 4KK_|jI¡¢E/
Q<O
TE2− TE1 N TpO TE3−TE2 N>£ O TE3− TE1 nﬃN
F}
ﬀR_KSUGH=_pEK¤~_¤ ¥EK>	j¡	K¦~

ﬁ=>
F}
|~nﬃN
$~"
§&'

Gp¨ª©¬«­,®Eﬁ_KKEﬁ¯°_>E²±#K_K

pM³N
FF
ﬀ®U´C,³µrUC¯°_Aµr¶f·

¯Eﬁ_-ﬁ+¸

N~º¹
JR»


_

´]pM_p¸
¼
_]&'MKN
$
&'¤µr©

_N
D
&'M¤µ
~E¸yE~°>f_ANA~6ﬀd&'MMKAK_KMp½p¾Na¿>

°_EÀpﬁﬁKK_>K®


~K
~Á
KNIZr:ﬁ­K
pMpﬁEK>_-


~E
~Á
~K
Q
¨_

]N
"
ﬂr:ﬁ­¶f·4Eﬁ¯°_Ep¦
¼
>#_M§pﬁﬁK¦~EG


~K
~Á
K
Q 
Q
¨_



[fcZh<g>WPXZW	
W>`
8X jElnm:o qZs:t4w
12436587:9<;>=>?A@@CB
T
Dyx6z

¹PH
x
ﬀ
F


D

~6ﬀ



IZr:ﬁ
]"
ﬂr:ﬁLN

ﬁﬀ#K_E>~_>G_E-Eﬁ_EKM_KÀ(



¨_MK 

i/
Dyx6z
__Ł¹PH
x
ﬀ
Fﬂﬁ
pM


Á
_>ﬁpE®


Kﬁ

¸ ﬃﬁ_¯E >´
¼ 
"!
ﬁ
p#E

S__ ´C°

d_

.-p¦µ
E_

~E
~
K

Nf
D
&'MMK¸yE°__N~6ﬀR&'MM~EAK>Kﬁ½p¾pAN0 ¿_

°_]K pﬁﬁKKfµ
_K§


~E
~Á
KAN0IZr:ﬁKÀApﬁpMKE__­


~E
~Á
K
Q
¨_

 N
"
ﬂr:ﬁ ¶f·8KM¯°_Kp
¼
>
_ﬁ­ApﬁpMK¦~K 


~K
~Á
K
Q
¨>


    
	  
 



__E__

~Eﬀﬂﬁﬃ  !#"  $&%(')!#* +G/ #Pﬂ-,C
}
|


z


J .
¹8ﬂ 
D

F
$ﬃ

z /
"
 0)1)2~
zF
,C
}
Hﬂ
F
ﬂ
F
 
}
H
"
¹8|
x

x
$
43§I|
J
zF65


z
ﬀﬀ
F87

F
:9
F



J<;
x}
H
/F
$
x
$
5ﬃF
Iﬂ


z
ﬀ
DGF
ﬂIH
"KJ
F
=9
f$

F
$~"


>ﬂ 
"

F
|I|
F

;?>@
43§I|
J
zF65


zBA
*_
ﬁ
K

¤
Á
ﬀCKM_KM¨4E

&

_¤
Á

¼
_R´C°:

M
_> ¿

~p_p¸yﬁ




K

~Mp
0Q
 

#K¸

>D
T
ﬀ?!#EGFIHJﬁK"L"NMPOKQRS)ﬁK!#TU!#EWV<O XYﬁ $')S[Z ﬃ-C-

  !%/G\
F
H
$
5

}
H
J
F
$
K]E¹
F

$

DGF
Pﬂ
x
| ¹PH:^<ﬀﬃﬁ
A
 D_>/`0
F
I|
}
H
F

A
EMﬁ0/>¡

¤~K_
»
>~K
Q

T


#°
 ﬁ

(a
Db
T
ﬀ?S)ﬁdc:ﬁ EﬁKefﬃhg<VﬀOigjﬁkFlﬁKEﬁ KK$UmnO#VoS !D')*dﬁKpqﬁK*:*:$QrXsODt<%(ulE)$&uwvﬃ/<UMK¯%µ
ﬁ¯



> ~°>K¸

Z¨8K°
 ﬁ
ﬁp§
¼
_pfµ
¼
Kp

_p¨>ﬁ¸ ﬃ

ZEﬁK¯ﬃ~f_

%f·4

K nx ©-,
y
Eﬁ

_, 0/
>
x6z

@
F
ﬀ
"
À
Dyx6z
T
b ﬃ
T
bb
T
!

¶ a£Bz
Q
µr£Bz



#_ﬃ
 
_{s?Erul |l!i}~O<$}DﬁKBﬁ |l$OPE{cK$&"`XŁOwﬁ E)|mR/®©§
ﬁ
E

ﬁ¨_M°_


M

Mp



¸ ﬃ~°_À
¼'
~EKA

¯ﬃ~ﬁ¯­Mf¯

ﬁM

ﬁp , ¥/k
;
F
$"
ﬀ
$
z
TQ
ﬃ
Q

 
_ !

¶ U_B 

#_pK_¯

~

_{s?ErﬃLFIFI!#" Rkﬁi')!nOVoE)!#ﬃL')dTU!#*: 'tO<ﬃLK!#*~GORR*:!#%~DV<O
~ﬃL"LFXsOﬂ+ﬀ p#TUHYL**:!#E+nOﬂPErulG%'ZOQRSL!$&JO?Q#': KHYp#TU*:$oXŁOP¡jSLulK!#"£¢R/
¤
|I|
zFﬃDGF
I
F
;
F
$~"
¹PH:^<ﬀﬃ
"
|
"
z

F6A
x _>¯°_K0/4*¨

¥ ¶f¯°:±

EK¨8K
 Q


_

¶ #z  

#ﬁ¯°U_
 
<¦*ulRSN§/

_¯KM

®M___¯ﬃ~ﬁ _, 0/¥H:^6ﬀ
@
F§/

b ﬃ
Q
{_
 
!

¶ U_
 
bµ¨_

_ 

#p¸ ME{_{©?uK'')ulHY*:!i}ª)«nOIuK%(')!#E¬¡©ŁOP«ﬀErFI!#E)%($&" FI!#EXJOﬂPTU!#$&TU!#E£M­ /
¿k
ﬁ
ME± 
¼
_p¸

0~

_

x © K



~ﬁÀﬁ¸y
-
_ E



ﬁpÀ¸yK¯°

>

¸
§¼
p¸
Q§®aQ
bbx¯CA/-
K·8K_>K_¯Enp 

_  ·4


x ©
¼
6°_E_¯E

K¸y·4E

_


·8K¯KM


%>¯E

ﬁp


_

p >, 0/
>
F
J
H:^6ﬀ
QQ
ﬃ
Q
{_ !

¶ D_
T
z<µ¨_ 
²±

³zq_{sV?ﬁKE)EWJ
OIPﬃ EGR!#**¯ﬂ /aUC 4K¯ﬃ


¼
_M 4

MpÀp
¼
E+·>K¯E

ﬁ ﬁÀ_¯Eﬁ


¸

p_ﬃ~M¯²

p

_¯K+ﬃf·8KM¸ E:

P, ¥/¥VH:^6ﬀ
@
F§/
{_ ﬃ
Q
Bz_ !

¶ 
 
£bµ
 
£ 
Q 

 
	ﬀ
Q 

²±
°>KDq=VoSL!"¬gO­Z£}lEﬂﬁ$&R« /
±
pK¯ﬃ~Mp
¼
UV´C,­


pﬁp

*

M_¯x _M¤µ U¯°>
»


>ﬁK:¦µrUC¯°_S, ¸

pﬁ_ >, 0/
>
x6z

@
F
ﬀ
"

>
F
J
_
Q
ﬃ
Q
 !

¶ 
Q<T
b
 
µ
Q<TQ
£ 
²±
°>KDb
Q
=VoSL!" gO<Z}IEﬂﬁ$&R « /«²·>~M¸ MKE 


pﬁp
±
pK¯ﬃ~Mpﬃ]K¯°_> °_
¼
p
UC¯°_ ´C



®, ¸

ﬁ_ f, 0/
>
x6z

@
F
ﬀ
"

>
F
J
_dzﬃ
T
b{b
Q
!

¶ #z
T
z6µ z
T
 
²±
pME
 
zqsVoulul*:!i}~dZOI¡jﬃL|l!i}~dZ /4¿

MppM~°>¸
¼
p°_R¸

¯°_ﬁ> ¯

ﬁ¯K>

ﬁp 
¼
¯Ep¸ ·>ﬁﬃ
¼
p_ﬁK

Kﬁ

a, 0/
>
x
ﬂH
!#"
D
¹

ﬂ
Q
 ﬃ
Q

 
z!

¶ 
T


µr£b
Q

²±


¸

DsVoul%(HJﬁ " ﬂX /
@
x
J

"

$
F87

F

}
^ |
F
ﬀﬃ
"
>ﬀ V, 0/oﬀ$&*:K!#" G!#ErF ﬂMOj¡ ﬁK%(|l!#E
XX ﬃ C

  !ﬃ/0
F
]pﬂ
5
"6"

"
 ﬀﬃﬂ
F
$
F
"
ﬂ
x}
ﬂ 
} x

J



}
ﬂ 
"

x
| 
F
f$~"
ﬀ
$
zF
$
^ 

E±  Vp8/
x ¯
»


±¬µ CMﬁ
4Q
{

¶ U

£µ¨
 



KE
a
KD{<!#!D')e6!#" JOQp#!R|KHJﬁK"L" ¦~P/+H:^<ﬀﬃ
"
|
"
z

F
?x >_¯°_K¥/*¨

fµr& 

¯°>K

Q
{

¶ 
Q

¼



i´ p¦~K8Bz

s<!PululE:')!#E~GOŁ<! ZﬁFl')!#EV<OŁ<!<!#!#"L!Oﬀ¡jSLulHY%(!" V<O
Q#':ﬁ S *:r!#ErF¦Oﬂ«jRS)')!#"/

_ﬁ
ﬁA

ﬁ
x ©§,d°_K¸ p¸yE	±§M~°n°_À·_p)%µ

p

_¯E
¼
6°_K>¯E¸yE°_0/aﬁ
ﬁ

ﬁ
G

_M

ﬁ °_¸

 ¸R

¯KM 8, 0/
>
x6z

@
F
ﬀ
"

>
F
J
£p£ ﬃ
Q
Bz!

¶ 

_Aµ 
Q



i´ p¦~K8BzA¨is<!PululE')!#EW~a/

p_ﬁ
ﬁA

ﬁ
x ©-,~°_E¸yp¸yE~¦ ±§¤~°Ł~°>+·>pŁ%µ

p

_¯E
¼
6°_E_¯EÀ¸yE°_f¥/

_>À
¼'


¯KK·f~ﬁ¨>ﬁﬁ¤ Gﬃ ¥E¯E

a, 0/
>
x6z

@
F
ﬀ
"

>
F
J
£_
ﬃ
Q
Bz!

¶ a£z{µr£
  



ﬁEM¯°Db
Q
ﬀ<$&!D')E)$&RSty/
.¬$
ﬂIﬀ
x


zF
|"!6ﬀﬃﬂ
F
>
F
ﬀﬀ


zo/
"
$#
F
|I|
z
$
!ﬀ%
F
I
5

"
|
"
z
ﬁﬀ
}
H
FﬃD'&F

,
F65ﬃFD
Iﬂ
>
F
ﬂIH
"KJ
F

J
F
$J
 (

ﬀﬃ
"
>ﬀ
zF
,C
}
Hﬂ
F
ﬂ
F

>
x6z

F
ﬂ
$
F
ﬀ
"

x
:9Kﬂ
"
D
"
z
$
x
¹PH
F6A
*-_
ﬁ
Krµ

M
Á
¦CKM_KM¨4E

&

_M
Á

¼
_-´C°:

ﬁŁ_> ¿

~p_p¸yﬁ




K

~Mp
aT
bb
Q


U

~K¸

_P£

sP%')!#ELHJﬁ "L"¬v OﬂQ#$&HYp%(ul"tŁV<OﬂQD')!E)"t /)ﬃ®°_ ¸

p_Eﬁ¯¸yp¸yK:+
¼
°_·_p _, ¥/¥VH:^6ﬀ
@
F§/
z
T
ﬃ
Q
p£

!

¶ zA£Bz<µ zq_dz 

& ﬁﬁE¾p¨

¯°Ubb< *:$&!+*GﬁRS ¡R/G#|
F
ﬂ
$~"KJ
^
xD
ﬁ4N£ ¿-,

p ŁCKM_KM¨4E_/y¶·4E_¸
¿

_K¸y

¯°_K®(K


PT
bb{b

¶ 
Q
_p£

& ﬁ½K {< */.K')!#Eh« ﬃ-C

 !%/
»
__>

pE_K#¶f¯°>¸ EE°_K

·_MNdx >_¯°_K¥/Ux E_ﬁEﬁŁ¥
¡ 

E
Q
{
Q
b  ) 
	 ﬀ

&P

¯°_£p£ﬀ E)$&%(RS XJtnOQ#')!#E)"[ty/

¨8K_M®¸

_E

¯°>-¿¨_ﬁE___
ﬁ
pS¡
A
E

~ aµ
¸ypﬁE_ﬁE __ 
A
¸

_E

¯°>x p¸yK:Ł_

´Cp

, 0/# H:^<ﬀnBz ﬃ
Q
p£p£ !

¶ 
_Aµ
Q 


»

Mﬁ__b<<ﬁ *$&"LKu«OPﬁK%(Rﬃ)ﬁK*/

x
Pﬂ

D
>
F}
H
x
P
}
ﬀﬂ 
Q
N
T
¥¿ ,

p )C-K¤µ
_Eﬁ¨8K_/a¶f·_ﬁ_K
¥Q
b 

»
Kp b{_

©s!#ulEGFI$<~UVﬀOoQ#')$&p#p#$&RSªVﬀO¡jEGul" "L$&!#E¬mOo!#$&*:ﬁ "L Q/ ¿®¯E~
ﬁ
À
EK·


ﬁd¶ﬁ¸R>

ﬁp­
_M_Jx ©-,/<¿ &a

M¨_ﬁMM ²¶~>><, 0/
>
x6z

@
F
ﬀ
"

>
F
J
z
Q
ﬃ
T
bb_ !

¶ _£bµ £ 

»
Kp b{_p¨iﬀﬀ!#ulErFI$~UVﬀO©j!$&*dﬁ "  QLOXYﬁ K!#HJﬁ |l!#E G/

pfµºﬁ
ﬁA

ﬁ
hx © K¸y·4%µ


~_ ﬁ¸

pM_
¼
R~K¸y·8K

~_ ¯Kp:p¬
¼
¸yE

ﬁMﬁ¯yﬁ¸y·_

:

C
$~"
}FF
J
I
z
ﬀ
J
F
$
{1
A

x
H
$
F
ﬀﬃﬂ
x6z


z
J
F
$

>@ﬂ>#
.­~

x


T
b{b{_

¶ 
   
_ 

C
p
 
 
ﬀYﬁ ﬁ %(!=«OU Eﬁ S H ~OUwﬁU'')S)ﬁ !$Od!D'ﬁK* /6&	¿­¶C), ¸

pM__/K©

·>ﬁ

x ©
M¸

ﬁ_d

M_Sﬁ6± ,_ﬁ·fµ

_pM²·__



P, 0/k
>
x6z

@
F
ﬀ
"

 
ﬃ
Q

 
!

¶ 
TfQ
 

C

°_#zbﬀjﬁ S "NﬂM/8¶·_ﬁÀK¯°>f

a, 0/¥H:^<ﬀ
@
F§/
b ﬃ
Q
Bzb !

¶ #z{bµ z{{_ 

C-K¸y·4Eq<!#HYp#!#*/
>@
0 I
J
F
$
¹
$

}
H
$%$
z
ﬁﬀ
}
H
F
 ­
x6z

"
ﬀﬃﬂ ﬁ
5ﬃF

x
ﬂ 
F
Pﬂ
F

D
Iﬂ

$
Pﬂ

D
"$
F

A
*-_
ﬁ
K

M
Á
¦CEﬁ_Eﬁ¨8K

&

_M
Á

¼
_¦x E_ﬁEﬁ




K¦

ﬁp
Q
 

Á
°__ b
T
s~: KSL"L!  /¥­
z
Iﬂ
x
|
F
3§I|
J
/F
$
x
$
5ﬃF
Iﬂ


z
DCEﬁ_Eﬁ¨8K>/P¶f·_ﬁ_K
8T
bb
T


EK

Dzqs~!#:Bﬁ E) JO)¦ﬁ *:ﬁ Gﬁ "[X©Q/
±
pK¯ﬃ~ﬁ
¼
p
»
Kp¸yEﬁ¯§


pﬁpyﬁ UC¯°_
´C



¬, ¸

p
¬¼
p¸
B0
(



ﬁp

, 0/
>
x6z

@
F
ﬀ
"

>
F
J
£_#ﬃ
Q
Bz !

¶ 
 
z<µ

£ 

.­_Kb£<+ﬀﬃ FI!#*wO ¦EL!#HY!#E V<O P %(RSL!* O  $&%qRSLGﬁkRS XŁO Ml!#" d!#" OI¡julH
ﬁRS ©O#m`ﬁ "«ﬀ|K!"ŁOj!$&"LK!#*Z/:C



_
#
M

~MpyﬁS~°_ox © ¨4/M___¯%µ
ﬁpŁM U
±
»
M



¯





y
 P, 0/¥
f$J@
x
J

"
|
Q
£#ﬃ
T
bbp£ !

¶ 
 
bµ
 
{_ 

 ﬁ°

DﬀMl!?$&S)ﬁK" O©<!#*:ﬁ " "Lur} ~GO©MI!UcK$&"XM#/ ﬃ]K¸y·8K

~_x

·_·_M_¢±§M°
x ©, ¸

pﬁ_ 
¼
x pﬁE¯K_

R
M 4

Mp0/'¿·_·_Mﬁ¯

~ﬁ	~C§·4E~°>K¸y

', 0/
@
x
J

"
|
"
z
^
Q
ﬃ
Q
 !

¶ #z£µ z



ﬃ±¦{_{sMl! ﬁ VY~GO Vo!#E':ﬁK$&"L!#R~iy/ > ﬃ E¸ ·8K

~>sx

·_·_M_G¨:hx

p_ﬃ~M¯R©§

µ


_¯K, ¸

pﬁ> f, ¥/p¹
F}
ﬂ
$~"
ﬀ
}
"
¹^S|
F
ﬂ ﬂ
F
$
ﬀ
T
ﬃ
Q
_ !

¶ 
Q
£
 
µ
Q
_
Q
 
 
	ﬀ
QQ

MDbbﬀMl$&ﬃ VﬂOjDﬁKEﬁ SLﬁ "L$<+nOjMlﬃ ŁQG+
OY<ﬃ R|ﬁ
$&*!#EnOjt<p#p#!*f' « /¶
A¼
ﬃ  
¼
x ©§, p_M_KdK_>
ﬁA
¯K_

Zp_M_E±§M

·_·_Mﬁ¯

~Mp

K, 0/©
>
x6z

@
F
ﬀ
"
d
Dyx6z
Q<T
ﬃ
T
bb{b !

¶ 

z<µ

 

_>K6BzqŁMlﬃ  !|K!N+ŁO`X?ul%(RS HJﬁ "L"¬JO­¡j$&%qRSL*:!E X /Z¶f

¯KE·>~M¨_ﬁMM 


¼ 
¯ﬃ

M

x © ﬁ¸

pM_ , 0/
>
x6z

@
F
ﬀ
"
Ł
Dyx6z
£ ﬃ
Q
{Bz!

¶ a£
T
A 

x



b
Q
swﬁU'')!#% ~GOJ<!#HYul" FI!#uK'ª~a/V¶_¯ﬃ~_

®p>ﬁMK_ﬃ~K¯ﬃ~Mp
¼


>~¸

ﬁ¯


__¸

+ﬃ

¯ﬃ~ﬁ f
$~"
}FF
J
I
z
ﬀ
"
 _
>
F
J

}x
|
Dyx6z
I
z

1

¶

 
ﬁEp

*¶f¿

T
b{b
Q
¶ 
 
b
T
µ
 >Q
b 

x Kﬁ¨8p¸nz<!#$&ruluKHQLOiﬀ$&**ﬀy/qx _
y
E

·_Mfµ E¯°_¸yE°_
¼
¸ 

_ﬁ_§_¯Eﬁ


K



~ﬁ ~ﬁ¸y

>, 0/
@
F§/

}
Z%>ﬀﬃﬂ
$T
 ﬃ
Q
Bz !

¶ 
 
A 

x Kﬁ

¯
 
zqs!#*BﬁR|XsO Zﬁ **ﬂy/ ´

ﬁ ¸yK¯°

>

¸

/¿ _ﬃ± ~°_Ep Z, 0/	
}

F

}F
Q
zb ﬃ
Q

 
z !

¶ #
fQ
µ¨

 


K

pD

ﬀg!#*:%quK"¡©XsOk¡jﬃ "LF QG / ﬃ]K¸y·4E

_
K·8K_>K_¯E+
¼
´~Ł©-E



ﬁp
ﬃ®M¸ 

,  (M~ >, ¥/
>
x6z

@
F
ﬀ
"
À
Dyx6z
z ﬃ
Q


!

¶ 
Q
µ
Q
 


K_>ﬁBbBz(ﬀg!#" "L$&FwJOUj!$&*dﬁ "  Q)OUXJﬁK%(RSL!=ODQ#ﬁ E')uKE+
OUQ#')$&p#p#$&RSV+/<&P__¯ﬃ~Mp


x

p_Eﬁ¯©-

p

_¯K®, ¸

pM_
¼

±


_



E_
 ﬁ
M

ﬁp0/x ﬃ~°_
¼
p ¿>p¸

~E

> ¶

>

>ﬁKE 




´Cf¯E

ﬁ_

_x



K¸yK: >´>¨_ﬁM

~ﬁGﬁ (¨8KEM__

ﬃ
T
bbBz!

«²

±

bŁt<Flﬁ ﬁJﬁ QLOlMl!#! ¡©OKgjﬁ}#ﬁ |N«Q)O­ﬀ*§}I"L" /4«fK

ﬁpµ

E

¤~
ﬁ
¯Kpµ


ﬁ¸

p_ﬃ~ﬁ¯

p

>¯K-ﬁ¸

p
¼
f_E:¨_

M

°_Mp°¸

p_Eﬁ¯
y
Kﬁ

:, 0/
>
x6z

@
F
ﬀ
"

>
F
J Q
_ ﬃ
Q
b !

¶ 
 
µ

 

´]EK

ŁP!#')!#E)%XOﬂ$&"L|l%X©QLOﬂj!#" |l!#*:HJﬁK"£X /]U'	(
ﬁ
 ﬃ®

_%µº ·8 , __%µ
·8K_>K_¯E+MŁ´Cpfµº

p

>¯K+&P6°_E_¯EÀ¶f°_
¼
 x © ﬃ®°>K¸yp¸yE>, 0/
>
x6z

@
F
ﬀ
"

>
F
J
_Bb ﬃ
Q
 !

¶ D_Bz_Aµ¨_Bz{ 

´CM¯E~ﬃ³b
T
ﬀ$&Rk')!D'~Oj!#ﬃ *:$ŁXsOoZª$&R|L} Q)O?c:ﬁK" !E+s*:$&"L| ~U~a/#©

_ﬁ
¼
6°_E_¯E
°_

~M_ E 4K¯E
 
p_> 

p

: MK_°


¼
±§M ﬁx ©§, §, 0/²VH:^6ﬀ
>
F
J
3§
"
|<_

ﬃ
T
bb
T
!

¶ 
T


£µ
T
Bz 
QpT
 ) 
	 ﬀ

´CM_ﬁ¸=bp£*:ﬃL$&H ~iYOlwﬁK$&")')~U©Oms$&!#ErFI!UcK!#ENw«y/x >~

¤µºﬁ
¼
p¸

~ﬁfµ ¨
A
K %µ
p



ﬁp	
¼
¸yK>ﬁ¯

ﬁ¸

p

/ ¿

_
ﬁ
E , 0/ 0
$
x
>ﬀ
>
F
J

Dyx6z
TpT
ﬃ
T
bbp£!

¶ 

 
µ
Q
b{b{_ 

´]
ﬁ
°U{_{sPucKS©O`XY$')S¬+nOPQRS uK*V<O L!D')%qRSL!§/o0
F
I|
}
H
F



J
F
$

F6A
C-Kﬁ>K¤µ
¨8K_/a¶f·_ﬁ_K
¥Q
{_ 

´C


T
ŁPEL!#%(%wZOJ¡j!#ﬃL|LuK*%(|L} Q#«O?ms!D'')!#E)*$&"LFZ ¡ŁOY *dﬁ " "L!#Ed} o/
;

DGF
$

}x
|
@
F}
 ¹
F
ﬀ I
!
0 H
F
¤ $
ﬂ
"
 
}

F
Pﬂ  {
}
!#"
D
¹

ﬂ I
zBA
±

¸ ¨_M_p/
±

¸R¨_ﬁ_
*-_
ﬁ
K

M À´C

ZQ

T


©

_E¸

K8b
T
ﬀXJﬁK !#HJﬁK|l!#E  /
;

}
Hﬂ I
/x
ﬀﬃ
/F
ﬀ 0
FﬃD
¹
F
$
x
ﬂ
$
D
"
PIﬂ
"$
I
z D
Iﬂ
J
F
$
>
x6z

F
ﬂ
$
F
ﬀ
"

x
:9K 0
"
D
"
z
$
x
¹PH
FP5ﬃF

DGF
J
 9KIPﬁﬀ
}
H
F
 0 H
F
$
D
"
ﬂH
F
$
x
¹8
F

D
Iﬂ
"


ﬀﬀﬃ
F
$
ﬂ
FﬃD
Z| ﬂ
$
x
ﬀ
}
H
x
|I|
"KJ
F
$
\
x
ﬀ
F
$
A
*_
ﬁ
E

¤
Á
©C-Kﬁ>Kﬁ¨8K

&

_M
Á

¼
_+´C°

ﬁ __¢¿

p_µ
¸yﬁ




E

~Mp
aT
b{b
T


©§K

{<XY!Bﬁ $K«ŁXsOLMlulBﬁK"Lu «ŁO VoEﬁ ﬁ
*!i} «sYOL~:uk} [M 
OYﬁBcK$&%+O+ ﬁoﬁK"
VYMPO©<ul%')Erukcl%(|L}~DtO<¡ ﬁK%(|l!#E X©XsOs$&|Kﬃ *:$&% s~a/ ﬃ®°



¸ M¯

ﬁ¸R>

ﬁp

_
¼
_>¯E~Mp

¥¸

_Eﬁ¯

p

_¯Kdﬁ¸

pﬁ>_/fMf¯

ﬁM

ﬁpG
¼
¯Epﬁ¯



_

_¨8¯Kp¦~ﬁ¯



¯%µ

ﬁA
~MpG±§¤~°Àﬁ¸y·_

KŁEﬁK¯ﬃ~f_

P, 0/k
;
F
f$~"
ﬀ
$
z
b ﬃ
Q
 !

¶ zp£µ zb 

©§K

b
T
<XY!Bﬁ $G«sXŁO $&"L!#**:$rO#gJ}l!#" SLﬃ $&%Y~:«nOjEL *$&R| ﬁw
Oi¡| ﬁRS~GOQ#SLﬁ EﬁK"
«OiX¦ﬃ FI$&!#E)$JODQ#'r}lp#ﬃ *:|)uﬁ%(|l$ﬂOUQS !#*:*uKR| G/

K>

~ﬁ¸ _

ﬁp



K¸
Z¼

_EK· ¨_

ﬁ

~ﬁ¸ _

ﬁp¥/8M
ﬁ
M~ 
ﬁA
M

ﬁp
¼
¸

p>E~M¯R

p

_¯KSM¸

ﬁ_AµºE

K
°_

~M_


Q
²z ﬃ 



_, 0/k
>
x6z

@
F
ﬀ
"
À
Dyx6z
Q
zﬃ
T
b{b
T
!

¶ 
T
_
Q
µ
T
z{b 

©§

KD{_ŁX¦ul%(!"JXŁO:Zª!#K!#!#"mŁ~GO#?Eﬁ G} ¡©~a/p¶KﬁE¯E
ﬁ

~
~_

~Mp

x ©)ﬁ¸

pﬁ> 
, 0/G
!#"
D
¹

ﬂ
¤
ﬀﬀﬃﬁﬀﬃﬂj0
"
D
"
z
$
 ﬃ
Q
{_ !

¶ U
Q
£A 

¶°_

¤
  
sQSL!DﬁK*§} VYgO ulE:')$&HY!#E~¡ŁOKXY!#% ﬁ$&R| ~U /PUCMK¯EM¯

4ﬁ_°_M¨_Mﬁpy
¼
·

M
¨:

~M¸R_

~Mp 
¼
°_²_
~
¥¯Kﬁ_¸y

/f´CEﬁﬁ¸yﬁ

S¯Eﬁﬁ>ﬁ¯

8K·8p f, ¥/
¤

F
ﬀﬃﬂH
¤

x
|
z
_
 
ﬃ
Q

  
!

¶ D_µ¨_
Q


¶¯°_¸ ¤ ﬀQRSLHY$''¯?OUQ#')!#S *:$&" Fw[+nOU¡jﬃLEL"L!#EXR/p
}
H
"
³#|
x

x
$

Dyx6z
I
z
 0 H
F
"$
^

0
F}
HP
7

Fx

J
¤
¹:¹8| 
}x
ﬂ 
"

A
CKM_KM¨4E_/_¶f·_ﬁ_pE
0Q
 

¶ﬁﬁ¯°:K {sQ*:$&RSL')!#EP«y/
$

}
 ¹8|
F
ﬀ
"

Dyx6z

F
ﬂ 
}
$
F
ﬀ
"

x

}F6A]


p¹
$
I
zF
$

F
$

F
ﬀyI

"
| 
J
aﬂ
x
ﬂ
F

}

F

}F
ﬀ+

C-Kﬁ>Kﬁ¨8K_/a¶f·>ﬁ>pK
0Q
 
 
	ﬀ
Q
£

¶

{ŁQ#'ﬁ E)| sO­?Eﬁ K*:!U} ZG/
>
x6z

F
ﬂ 
}
@
F
ﬀ
"

x

}F

Dyx6z
I
z
(p 
Q
N4£ a¿
¼
µ


p _¶  p>

/Dx 

¨:
]Q
 

¶~
a



 
z(sQ#')!#e6%(|Kﬁ *GOItŁJOl¡ ﬁK"L"L!EN~U/¶f·>ﬁ >M 4

Mp ¸y

_E¸ E:

/

·>ﬁE¯°_f

M ~°> ·_

E_¯K
¼V
~M¸ %µ _E·4E__K:
y
KMp

_ﬁE: 8, 0/L
!
H
FﬃD
VH:^6ﬀs_
T
ﬃ
Q

 
z!

¶ 
T
{µ
T

T


ﬃ]__ﬁE q©¡EGul"L" $&!#EmOkQ#'ﬁkﬃ G!E:'«nOrj  S "L!#*QLOkQ#ﬁ E)!H «<%q*dﬁ " $« /:x

p_%µ
ﬁ¯ 

p

>¯Kªﬁ¸

pM_ª±§M° ﬁ¸y·_

K _K>

~ﬁ¸ _

p

/

 ﬁ
ﬁ
¤~

_ M
ﬁ

ﬁ


~_> a, 0/
;
F
$~"
ﬀ
f$
z
__ ﬃ
Q
 !

¶ 
QpQ
<µ
Q<T
z
 

M


ﬁ
b{_{  ﬁK$')%(!Uc OK!#" "L$&F~GOIQ#p!#R| ty/8´ pM:

·_


¼
__¯EﬁpÀ¸

·_·_M_R±§M°
·



MﬁK'ﬁ¸

pﬁ>G~E¯°__ °_

_	°_ﬁ°

¯E¯KEﬁK

~Mp
¼ 
¯Ep

/]&
A


p¨_




_ ,Pﬃf µ
¨_M­¸ ﬃ~°_
¼
p®K¯°_µ ·_



®M¸

ﬁ_R>

pﬁpŁ¯EpK¯ﬃ~ﬁ P, 0/
>
x6z

@
F
ﬀ
"

>
F
J
z
T
ﬃ
T
bb{_ !

¶ 
QQ
z
 
µ
QpQ  
 
°

_Bp£q  LSLﬁ "LF[~GOUZ $&*%(ul"wVYMPO#Ml!Ucl!#%lﬃL![?O?!#S "L|l!ﬂ~GOGMlﬃ Ti|l$&"wX© / ﬃ E¸Sµ
·8K

~_¬¯°

>p

MR_ﬁ¯AK µ ¯°_p¸ M_¸ ﬁ:~

¯K

_

f>K·>°KﬁE¯E_

_>ﬁ>jx ©

¯

µ
_M_ _, ¥/
¤
D

;
F
$~"$
x
J

"
|
Q
_ ﬃ
Q
{p£ !

¶ D_B

µ z{bb 
    
ª
¿¨

¯°_ﬁMK¾pE_)¸ ½¯°:~ŁM¯°n¸ M¯°n¨4E

ﬁ
a
K>K)¨4E

_AK

_M _M

Ł¿¨8K¤R_:~E

~>E
__ K ﬁ°_K¸
»
Eﬁﬁ>pKŁ¨8KMpE

pEÀ°

¨8K 
x KM ¨4

p_>KE 


_ pﬁ¤
CE ´C
¼
®
 ®.­



¶

p

_KŁ

¸ MGK¸ ½pﬁM¯°

_ﬁ

y¿¨4EM+ﬁ _K+¿¨f~KMﬁ_>

K_p

>ﬁpMppﬁd_

*_
ﬁ
E

¤
Á


ﬁM_ﬁ_¸

CEﬁ_Eﬁ¨8K
__¯°_K
¼
>°_E 
UC¨4E

 ¸ ½¯°:~ M¯°)¸ M¯°n¨4ECE ´C
¼
C
 
 
±
°>

~p·>°
±
K¸yK
ﬁ
p¸ .­ﬁ¯°_°_ 
, 

M>
¼
>´C°:

ﬁ
¼
_-

, :~K



 _ﬁ

E¿¨8KM

_ﬁ EK¤

¯°
A¼
²E_.pK:_
__ ﬁ°_²(K¦~ﬃ~_> pEpK_¨8K-_E&

_¤
Á
¬¨4E

_AK 
&P

 ´
¼
4
 ¥¶

¨_M_ﬀC-KM

_ 

_ARﬁ¯° ¨4

p_>K

°_KKﬁM¯°
¼
_-_ﬁ+±§

K

¯°
A¼
ﬁM¯°_
EE___

ﬁ°_#p¾p`CM
¼
¨8KK¤

¯°
A¼
'>_R_M¬
_¯°

M¯°:¸ Eﬁ_E ¿¨8KM 
_¯°

_%µ
pK>_+




Mp_E

p

~_:~
ﬁ
 .­M~M >_ M°_


Á
>_ﬁp
»


·_
Á
¯°

¨8KKM

¯°
¼
°



M²±

K:ﬁﬁ¯° K_¸
»
Eﬁﬁ>pKŁ_M

K§¿¨4EM§¨8KﬁE~

pE 
CE 
 

_M

x

~



_AM¯°
¼
_#_ﬁ
¼
>¯°¨

²__
ﬁ
K¦~

_K
 ﬁ
ﬁﬁ
 

~
¸ ¸yKfµ

¨8K¤


¼
>K¸
»
K¨>ﬁE_K #ﬁﬁ>K

MK>_


_¯°À

¯°

KM_K¸¡¢E¯°

E

Ł_ﬁ²*Jx , ﬃ
ﬁÀ, _

¨_>¯ 
UC¨4E

 ¸ ½¯°:~Àﬁ¯° 
 
»
>ﬁ_ ©

_E¸

AK
ﬁ
p¸ 
E>

¯°_K .­K¨
¦¼
p

¯°>_

EK:~_¸
CEﬁ_Eﬁ¨8K
¼
_S_M E_

pMK¦~À__
¼
_¯°:~¨


 

~
¸y¸yK

¨4EM


¼
_K¸
»
K¨>ﬁE _E
x ©¬µ ﬃ®°_E¸ypp

·_°_ﬁ

_AK 
&'_C
A


_E°_¸ E_G>~-.­ﬁM¸

ﬁS_

KE¿¨8KM

p_·_·8®

_AM¯° ¸yKM_Ky.-pﬁMKpE
»
Kp






 ﬃ®°_¸

¡ Mﬁ°_Eﬁ¸


 )CﬁpE¶f¯°_¸yM

UC



K>_ﬁ

©

°
 ﬁ


µ


¯°

__

__ _K
ﬁ
MKMKy¸ E_ﬁEﬁ_

¯°_EG
p

__K

_M§



¸yKy__ pﬁ_K :¿

_KG

¸ E



¯°
A¼
ﬁﬁ¯°>K
 

~
¸y¸ E

¨4EMy¸ ¤G>ﬁ

K¸ ﬃ 

¸

ﬁ>
ﬁ
ﬁKM ¿_Ep__K
__ , _KE E



__E __ °

¨8K

M¯° ·8K

½p>ﬁﬁ¯°>&aK_>

¯°
¼
~K K: ±§ﬁ¯AK¤ 
Q
z
Q  
UC¨4E



>KS¸y½f¯°:¬ﬁ¯°_Ey.pMﬁKK
 ¿__ #p_pE



 Bx ﬁ¯°

K_¿¸ ¸




 
´ ﬃ~KG¶fMKpMK__ 
 V.­





__E__

~E
ﬁ
p¸ 
E>

¯°_K .­K¨
¦¼
p

¯°>_

EK:~_¸
CEﬁ_Eﬁ¨8K

_M­ﬁ¸y¸ E
¼
_®K>

pMK




ﬁp_E E_®(K
¼
>p__



__E 
&PK>K

KV_E p
~
¸ K	¿¨>KﬁM__

E_p

_Mpﬁpﬁ
¼
_+

p>G¿¨4EM

ﬁM¸
 
<±§M
_ﬁ­Af·4E


ﬁ

 

~
¸y¸ E

¨4EM®pE

_: 
